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TITLE 

POLYMERIZATION PROCESS WITH LIVING CHARACTERISTICS 
AND POLYMERS MADE THEREFROM 
BACKGROUND OF THE INVENTION 
5 The present invention generally relates to a free radical 

polymerization process and particularly relates to a free radical polymerization 
process utilizing chain transfer agents (CTAs) and to polymers made thmfrom. 

There is increasing interest in developing polymerization processes 
that can be predictably controlled to produce polymers having q)ecifically desired 
10 structores. One of the means for achieving such results is through a process of 
living polymerization. Such a process provides a higher degree of control during 
the syndesis of polymers having predictably well defined structures and properties 
as compared to polymers made by conventional polymerization processes. 

"Certain xanthate and dithiocaibamate derivatives of the following 
15 formula 1: 

S ""R 

« ^1) 

where Q=0(alky]) or N(alkyl)2» respectively have been shown to confer 
some of the characteristics of living polymerization when used as photoinitiators 
in polymerization processes (see for example Otsu et al., U.S, 5,314,962). Such a 
20 process where radicals are generated by direct photolysis of the xanthate or 

dithiocarbanoate derivative do not form part of this invention. See also Niwa et al. 
{MakramoL Chem., 189. 2187 (1988)) and Otsu et al. (Macramolecules 19, 287 
(1986))- 

Free radical polymerizations in the presence of chain transfer agents 
25 (CJTAs) represented by formula 1 (where Q=Z* and R are as defined hemin) have 
been disclosed by Le et aL in Int Patent Application WO 98/01478, which 
discloses, diat since ditfaiocarbamate and xantiiate derivatives disclosed thmin 
have very low trmsfer constants tiiey are therefore ineffective m conferring living 
characteristics on a free radical polymerization. However, we have surprisingly 
30 found that by appropriate selection of substituents {Q) or the monomer tiiese 
agents have high chain transfer constants and are effective in conferring living 
characteristics to a free radical polymerization. The CTAs of the present 
invention can also advantageously introduce novel end group functionalities into 
the resulting polymers. 
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STATEMENT OF THE INVENTION 
The present invention is directed to a process for producing a poIymN, 

said process comprising polymeruong a monomer mix into said polymra in Ae 

jHcsence of a source of free radicals and a chain transfer agent having a transfer 

5 constant in Ae range of from 0.1 to 5000, said chain transfer agent having the 

following formula: 



S=C 



vfaetein whraDisDl of ttie following fommla: 



10 tiien pis in the range of from 1 to 200, E is Z* and said transfer agent is of the 
foUowmg formula: 



s=c- \, 



p . 



herein vvbBa D is D2 of the foUowing formnla: 

■R 



15 then p 14 in the range of from 1 to 200, E is El or E2 and said transfer agent is of 
tab following f cxnmla: 



S=c' 



P. 



wlwrnn when D is D3 of die following formula: 



— ^X=C- 



2 
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. then is in the range of from 2 to 200, E is Z, E 1 or B2 and said transfer agent is 

of the following formula: 

••p' .or 

wherein whoi D is D4 (rf &e following fonnnla: 

5 — S —r' 

then E is E3 or E4 and said transfer agent is of the following formula: 

^ 

E 

^ene in all of the above: 

R is ap-valent moiety derived ftom a moiety selected from the group 

10 consisting of substituted or unsubstituted alkane, substituted or unsubstituted 
alkeDe» substituted or unsubstituted arme, unsaturated or aromatic caxbocyclic 
ling, unsaturated or saturated heterocyclic ling, an organometallic species, and a 
polymer diain, R» being a free radical leaving group resulting from R tfiat initiatBS 
ficee radical polymerization; 

IS R* and R* are monovalent moieties independently selected from the 

group consisting of a substituted or unsubstituted alkyl, substituted or 
unsubstituted alkenyl, substituted or unsubstituted aryl, unsaturated or aromatic 
carbocyclic ring, unsaturated or saturated heterocyclic ring, substituted or 
unsubstituted all^lthio, substituted or unsubstituted alkoxy, substituted or 

20 unsubstituted dialkylamino, an organometallic species, and a polymer chain, R**"* 
being a free radical leaving group resultmg from R**" that mitiates free radical 
polymerization; 

X is selected from tiie group consisting of a substituted or 
unsubstituted metfaine, nitrogen, and a conjugating group; 

25 Z' is selected from the group consisting of El, E2, halogen, substituted 

or unsubstituted alkyl, substituted or unsubstituted alkenyl, substituted or 
unsubstituted aiyl, substituted or unsubstituted heterocyclyl, substituted or 
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unsubstitated alkylthio, substituted or unsubstituted alkoxycarbonyl. substituted or 
unsubstituted -COOR", caboxy, substituted or unsubstituted -CONR"2, cyano, 

-P(=0)(0R")2. -P(=0)R"2: 

R" is selected firom the group consisting of substituted or unsubstituted 
5 allqrl, substituted or unsubstituted altenyl, substituted or unsubstituted aiyl, 
substituted or unsubstituted heterocyclyl, substituted or unsubstituted aralkyl, 
substituted or unsubstituted alkaryl, and a combination tiiereof; 

Z' is a p'-valent moiety derived from a moiety selected from the group 
consisting of a substimted or unsubstituted alkane, substituted or unsubstituted 
10 dkene, substituted or unsubstituted arene, substituted or unsubstituted heterocycle, 
a polymer chain, an organometallic species, and a combination tiiereof; 

" Z is selected ficom ttie group ccmsisling of a halogen, substituted or 
unsubstituted tSkyl, substituted or unsubstituted alkenyl, substituted or 
unsubstituted aryl, substituted or unsubstituted het«x)cyclyl. substituted or 
15 unsubstituted allqrltiiio, substituted or unsubstitoted alkoxycaibonyl, substimted or 
unsubstituted -COOR", caibracy, substituted or unsubstituted -CONR"2, cyano, 

-PCsOXOR-h. -PC^O)^"^ 

El is a substituwit functionality derived from a substimted or 
unsubstitated heterocycle attached via a nhrogen atom, or is of toe following 
20 formula: 

/ 

wherem G and J are hidependentiy selected from the group consisting 
of hydrogen, substitated or unsubstitated alkyl, substitoted or unsubstitoted 
alkenyl. substituted or unsubstitoted alkoxy, substitated or unsubstitoted acyl, 
25 substitoted or unsubstitoted aroyl, substitated or unsubstitoted aryl, substitoted or 
unsubstitated heteroaryl, substitated or unsubstitated alkenyl, substitated or 
unsubstitated alkylsulfonyl, substitated or unsubstitated alkylsulfinyl, substitated 
or unsubstituted alkylphosphonyl. substitoted or unsubstitated arylsulfonyl, 
substituted or unsubstitoted arylsulfmyl, substitoted or unsubstitated 

30 aiylphosphonyl; 

E2 is of tiie followmg formula: 



10 



IS 



20 
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wherein G' is selected from the group consisting of substituted or 
unsubstitated alkyl, substituted or unsubstituted alkenyl, substituted or 
unsubstitated axyl; 
5 E3 is of file following formula 



G" 



J p- 

wherein p'*' is betweoi 2 and 200, G** is 7* and J* is indq)endently 
selected from the group consisting of hydrogen, substituted or unsubstituted alkyl, 
substituted or unsubstituted alkenyl, substituted or unsubstituted alkoxy, 
substituted or unsubstituted acyl, substituted or unsubstituted aroyl, substituted or 
unsubstituted aryl, substituted or unsubstituted heteroaryl, substituted or 
unsubstituted alkenyl, substituted or imsubstituted alkylsulfonyl, substituted or 
unsubstituted alkylsulfinyl, substituted or unsubstimted alkylphosphonyl, 
substituted or unsubstituted arylsulf onyl, substituted or unsubstituted arylsulfinyU 
substituted or unsubstituted axylphosphonyl or is joined to G" so as to form a 5-8 
membered ring: and 

E4 is of the following formula 




Jp- 

whminp**'isbetwera2and200andG*" is TT. 

The present invention is also directed to polymers made by the process 
of the cuircnt invention. One of the embodiment is the polymer is of the 
foUowing formula: 



where n is a positive integer in the range of from 1 to 100,000 and wherein A is of 
25 the following formula: 



5 
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:S 

whenDisDlandEisZ': 

A is of tiie following f oimula: 

I 

c =s 

/ 

J whaiDisD2BndEisEl:Qr 

A is of 1fa9. following formula: 

\ 
C s=:S 

^ whenDisD2andEisE2;and 
and Q" is a repeat unit derived iioin a monomer selected £rom the group 
consisting of maldc anhydride, N-alkyhnaleimide, N-aryhnaleimide. dialkyl 
fumarate, cyclopolymerizable monomer, a ring opening monomer, a 
macromonomer, a vinyl monomer of the following formula: 

and a combination thereof; 

wherein L is selected from the group consisting of hydrogen, halogen, 
and substituted or unsubstituted C1-C4 alkyl, said alkyl substituents being 
independendy selected from the group consisting of hydroxy, alkoxy, OR", CO2H, 
15 02CR'*, CO2R'' and a combmation thereof; and 

wherein M is selected from the group consisting of hydrogen, R", 
CO2H. CO2R". COR", CN, CONH2, CONHR", CONR-2* O2CR", OR", and 
halogen* 

Another embodiment is the polymer comprising a mixture of isomers 
20 of the following formula: 
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s — c=x- 



S J p' 



] 



S=t y n- 



whereji is a positive integ^ in the range of from 1 to .100,000» D is D3, E is Z, El 
orEl 

Still anotiier embodiment is the polymer is of the following formula: 



S J' 



-G- 



J p'" 

where n is apositive integer in tfie range of from 1 to lOO.OOO, D is D4, 
andEis E3 

A fiulfaer embodiment is the polymer is of the following formulae: 



,4-Q-4-s 



Jp" 



10 where n is a positive integer in tiie range of from 1 to 100,000, D is D4, 

andEis B4 

One of the advantages of Ae present polymerization system is that by 
contzolling the reaction stoichiometiy and the degree of conversion of the 
monomers into polymer the process produces pol3rmers of predetmnined 
IS molecular weight and narrow molecular weight distribution over a wide range of 
monomers and reaction conditions * 

Another advantage of the process of the present invention is that by 
successively adding different monomers to the reaction mixture, block polymers 
of low polydispersity and desued molecular weight can be produced. 
20 Still another advantage of the process of the present invention is that it 

is possible to oeate polymers havmg complex structures, such as graft, star and 
branched polynns. 

Yet anottier advantage of the present invention is that it is suitable for 
carrying out nnulsion, solution, or susprasion polymerization in either a batch, 
25 semi-batdi, continuous or feed mode. 
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• • Stai another advantage of the present invention is that it is suitable for 

producing wateibome polymers that are water soluble or water dispersible. 

Another advantage of the present invention is that it is suitable for 
producing solvent borne polymers that are solvent soluble or solvent dispersible. 
5 As defined herein: 

••Living polymerization" means a process which proceeds by a 
mechanism whereby most chains continue to grow throughout the polymerization 
and where further addition of monomer results in continued polymerization (block 
copolymers can be prepared by sequential monom^ addition of different 
10 monomers). The molecular weif^t is controlled by the stoichiometiy of the 
reaction and narrow molecular weight distribution polymers can be produced. 

'Radical leaving group" means a group attached by a bond capable of 
undergoing homolytic scission during a reaction to thereby form a free radical. 

"GPC number average molecular wei^t" (Mn) means a number 
15 average molecular weight and •'GPC weight average molecular weight" (Mw) 
means a weight average molecular weight measured by utilizing gel permeation 
chromatography. A Waters Associates liquid chromatograph equipped with 
differential reftactometer and 10^, 105, 104, lO^. 500 and 100 A Ultrastyragel 
columns was used. Tetrahydrofuran (flow rate of 1.0 mL/min) was used as an 
20 eluent The molecular weights were provided as polystyrene equivalents. 

••Polydispersity" (Mw/Mn) means GPC weight average molecular 
weight divided by GPC number avmge molecular weight. 

•'Addition-fragmentation" is a two-step chain transfer mechanism 
vdiwdn a radical addition is followed by fragmentation to generate new radical 
25 species. 

••C3iain transfer constant means the ratio of the rate constant for chain 
transfer to the rate constant for propagation at zero conversion of monomer and 
CT A. If chain transfer occurs by addition-fragmentation, the rate constant for 
chain transfer (ktr) is defined as follows: 

where fcadd is the rate constant for addition to the CTA and fc-add and are the 
rate constants for fragmentation in the reverse and forward directions respectively. 

•'Polymer ch^n" means conventional condensation polymers, such as 
polyesters [for example, polycaprolactone, poly(ethylene terephthalate)], 
35 polycaibonates, poly(alkylene oxide)s [for example, poly(ethylene oxide), 

poly(tetramethylene oxide)], nylons, polyurethanes or addition polymers such as 
those formed "by coordination polymerization (for example polyethylene, 



8 



wo 99/31 144 PCT/US98/26428 

* ' polypropylene), radical polymerization (for example poly(meth)acrylates and 
polysQnpenics or anionic polymerization (for example polystyrene, polybutadiene). 

Xyclopolymerizable monomers'' means compounds which contain 
two or more unsaturated linkages suitably disposed to allow propagation by a 

5 sequenceof intramolecular and intmnolecular addition steps leading the 

incorporation of cyclic units into the polymer backbone. Most compounds of this 
class are lt6-dienes such as - diallylaznmonium salts (e.g., 
diaUyldimetfiylanunonium chloride), substituted 1 ,6-heptadiene5 (e.g., 6-dicyanO" 
1,6-heptadiene, 2*4A6-tetrakis(ethoxycarbonyl)-l,6-heptadiene) and monomers of . 

10 the following generic structure 




where substituents K, K\ T« B, B* are chosen such that the monomer undergoes 
cyclopoljonerization. For exairple: 

B, B* are indq)endentiy selected from the group consisting of H, CH3, 
15 CN, C02AlkyU Ph; K, K' are selected from the group consisting of CH2, C=0, 
Si(CH3)2, 0; T is selected from tiie group consisting of C(E)2, 0, N(Alkyl)2 salts, 
P(Alkyl)2 salts, P(0)AlkyL Additional monomers listed in Moad and Solomon 
*Tbe Chemistry of Free Radical Polymerization", Pergamon, London, 1995, pp 
162-170, are also suitable. 
20 ^'Ring openmg monomers'* are monomers which contain a suitably 

disposed carbocyclic or heterocyclic ring to allow propagation by a sequence of 
intermolecular addition and intramolecular ring opening steps such as those 
described in Moad and Solomon •'The Chemistry of Free Radical Polymerization", 
Pergamon, London, 1995, pp 171-186. 
25 "Organometallic species" means a moiety containing one or more 

metal atoms from Groups HI and IV of die Periodic Table and transition elements 
and organic ligands, preferably species, such as, Si(X)3, Ge(X) 3 and Sn(X)3 
which provide radical leaving groups and initiate polymmzation, X being a group 
discussed later in the specification. 
30 "Heterocyclic" or "heterocyclyr means a ring structure containing 3 to 

1 8 atoms at least one of which is selected from O, N and S, which may or may 
not be aromatic. Examples of "hetarocyclyr moieties are pyridyl, furanyl, tiiienyl, 
piperidinyl, pynolidmyl, pyrazoyl, beozthiazolyl, indolyl, benzofuranyl, 
benzothiophenyl, pyrazinyl, and quinolyl, optionally substituted with one or more 
35 of alkylhaloall^l and halo groups. 
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"Substituent functionality derived from a substituted or unsubstituted 
heterocycle attached via a nitrogen atom" means the group formed by excising 
monovalent nitrogen (e,g. >NH) from an appropriate nitrogen containing 
heterocycle. Said heterocycles include pyrrolidine, pyrrole, indole, imidazole, 
5 caxbazole, benzimidazole, benzotriazole, piperidine and isatin, all of which may 
be substituted or unsubstituted. For example, in the case of pyrrole, the 
substituent functionality is l,3-butadiene-l,4-diyl, and in the case of pyrrolidme it 
isbutane-l,4-diyL 

Unless specified otherwise, alkyl groups referred to in this 
10 specification may be branched or unbranched and contain £rom 1 to IS carbon 
atoms. Alkenyl groups may be branched or unbranched and contain from 2 to 18 
caibon atoms. Saturated or unsaturated or caibocyclic or heterocyclic rings may 
contain from 3 to 18 atoms. Aromatic caibocydic or heterocyclic rings may 
contain 5 to 18 caibon atoms. 
15 "Conjugating group" is one which provides orbital overlap between 

the OS double bond and the lone pah* of the S-R group, in the case of compounds 
of formula 2 described below, where D=D1, or to the nitrogen lone pair in the case 
of compounds of the formula 2, where D=D2, E=E1 thereby providing for 
delocalization of the associated electrons. Examples of such conjugating groups 
20 are provided in the subsequent text 

"Substituted" means that a group may be substituted with one or more 
groups that are independendy selected from the group that consistiing of alkyl, 
aiyl, epoxy, hydroxy, alkoxy, oxo, acyl, acyloxy, carboxy, carboxylate, sulfonic 
add, sulfonate, alkoxy- or aiyloxy-carbonyl, isocyanato, cyano, silyl, halo, 
25 dialkylamino, and amido. All substituents are chosen such that there is no 
substantial adverse interaction under the conditions of the experiment 

We have discovered a novel free radical polymerization process and 
novel polymers produced therefrom. The process is directed to polymerizing a 
monomer mix in the presence of a source of free radicals and at least one of 
30 certam sulfur based CT As chosen so as to confer living characteristics. By 
utilizing these CTAs, polymers of controlled molecular weight and low 
polydispersity can be obtained. 

The sulfur based CTAs suitable for use in the present invention have a 
chain transfer constants in the range of from 0.1 to 5000, preferably in the range of 
35 from 1 to 2000 and more preferably in the range of from 1 0 to 500. If the chain 
transfer constant of the CTA exceeds the upper limit of the range substantially no 
polymerization occurs, if it falls below the lower limit it is not possible to produce 
polymers having low polydispersity. The CTAs of the present invention generally 
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* should not copolymerize with monomers during the polymerization process. As a 
result, low polydisp^ity polymers based on monosubstituted monomers (e.g., 
aoylic monomers, serene) can be made under a wide range of reaction 
conditions. 

S The sulfur based CTA suitable for use in the present process is of die 

fomiida2beIow: 

(2) 

wbeiein when D is Dl of tiie following formula 3 bdow: 



P (3) 

10 AeD pis in the range of from 1 to 200, E is Z* and said transfer agrat is of the 
following formula 4 below: 

S-l-R 

P (4) 

wbeiein wben D is D2 of the following formula 5 bdow: 



'P (5) 

15 then pis in derange of from 1 to200.EisEl or E2 and said transfer agent is of 
the following fomnila 6 below: 

-4-R 



P (6) 

wboein wben D is D3 of the follo>^g fomuila 7 below: 



I 1 

— x=c— I— : 



(7) 
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then p* is in the range of from 2 to 200, E is Z, El or E2 and said transfer agent is 

of the following fonnula 8 below: 

S-Ff 



■"P" (8) 



or 

5 wh»:ein when D is D4 of the following fonnula 9 below: 

— S_R (9) 

then B is E3 or E4 and said transfer agent is of the following fommla 10: 



E .....(10) 
whm in all of the above: 
10 R is a p-valent moiety derived from a moiety selected from the group 

consisting of a substituted or unsubstituted alkane, substituted or unsubstituted 
alkene, substituted or unsubstituted arene, unsaturated or aromatic carbocyclic 
ring, immtiirfitf^ or saturated heterocyclic ring, an oiganometallic species, and a 
polymer diain, R» being a free radical leaving group resulting from R that initiates 
IS free radical polymerization; 

R* and R' are monovalent moieties independently selected from the 
group con^sting of a substituted or unsubstituted all^l, , substituted or 
unsubstituted alkenyl, substittited or unsubstituted aryl, unsaturated or aromatic 
caibocyclic ring, unsaturated or saturated heterocyclic ring, substituted or 
20 unsubstituted alkylthio, substituted or unsubstituted alkoxy, substituted or 

unsubstituted dialkylamino, an organometallic species, and a polymer chain, R*» 
bdng a free radical leaving group resulting from R* that initiates free radical 
polymerization; 

X is selected from the group consisting of a substituted or 
25 unsubsdtuted mettiine, nitrogen, and a conjugating group; 

T is selected from the group consisting of El, E2, halogen, substituted 
or unsubstituted alkyl, substituted or unsubstituted alkenyl, substituted or 
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. * unsubstituted atyl, substituted or unsubstituted heterocycIyU substituted or 

unsubstituted alkylthio, substituted or unsubstituted alkoxycaxbonyl» substituted or 
unsubstituted -COOR", carboxy, substituted or unsubstituted -C0NR"2. cyano, 
-P(=0)(OR")2>-P(=0)R"2; 

5 R" is selected from the group consisting of substituted or unsubstituted 

alkyl, substituted or unsubstituted alkenyU substituted or unsubstituted aryl. 
substituted or unsubstituted heterocyclyl, substituted or unsubstituted aralkyl, 
substituted or unsubstituted all^l, and a combination thereof; 

is a p*-valent moiety derived from a moiety selected from tbe group 

10 consisting of a substituted or unsubstituted alkane» substituted or unsubstituted 
alkene, substituted or unsubstituted aiene, substituted or unsubstituted heterocycle, 
a polymer, .chain, an organometaUic species, and a combination tiieieof ; 

Z is selected from the group consisting of a halogen, substituted or 
unsubstituted all^l, substituted or unsubstituted alkenyl, substituted or 

IS unsubstituted aiyU substituted or unsubstituted heterocyclyl, substituted or 

unsubstituted alkyltiiio. substituted or unsubstituted alkoxycarbonyl, substituted or 
unsubstituted -COOR", carboxy, substituted or unsubstituted -CONR"2, cyano, 

-P(=0)(OR")2.-P(=0)R"2; 

El is a substituent ftmctionality derived from a substituted or 
20 unsubstituted heterocycle attached via a nitrogen atom, or is of the following 
formula 11: 

J (11) 

wherein G and J are independently selected from the group consisting 
of hydrogen, substituted or unsubstituted alkyl, substituted or unsubstituted 

25 alkenyl, substituted or unsubstituted alkoxy, substimted or unsubstimted acyl, 
substituted or unsubstituted aroyl, substimted or unsubstimted aryl, substimted or 
unsubstimted heteroaiyl, substituted or unsubstimted alkenyl, substituted or 
unsubstituted all^lsulfonyl, substituted or unsubstimted alkylsulfinyl, substituted 
or unsubstituted aDcylphosphonyl, substituted or unsubstimted aiylsulfonyl, 

30 substituted or unsubstituted arylsulfinyl, substimted or unsubstimted 
aiylphosphonyl; and 
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. . E2 is of the following formula 12: 

"^o— G' (12) 

wherein G' is selected ftom the group consisting of substituted or 
unsubstituted alkyl» substituted or unsubstituted alkenyl, substituted or 
5 unsubstituted aiyl; 

E3 is of the following formula 13: 



G" 



P (13) 

wher»n p*" is between 2 and 200, G" is Z" and J* is independently 
selected from the groiq> consisting of hydrogen, substituted or unsubstituted allgrl, 

10 substituted or unsubstituted alkenyl, substituted or unsubstituted alkoxy, 

substituted or unsubstituted acyl, substituted or unsubstituted aroyl, substituted or 
unsubstituted aryl, substituted or unsubstituted heteroaryl, substituted or 
unsubstituted alkenyl, substituted or unsubstituted alkylsulf onyl. substituted or 
unsubstituted alkylsulfinyl, substituted or unsubstituted aDcylphosphonyl, 

IS substituted or unsubstituted arylsulfonyl, substituted or unsubstituted arylsuliinyl, 
substituted or unsubstituted arylphosphonyl; and 
E4 is of the following formula 14: 



(14) 



wherein p'" is between 2 and 200 and G'" is Z\ 
20 The fcxregoing CTAs are prepaxed by tiie following processes: 

Vinylogous dithioesteis may be prepared in several ways. For 
exanqple, 3-benzylthio-5,5-dimethylcyclohex-2-rae-l-thione is made by a multi- 
step process. First, pipra<Une is condensed with 5,5-dimethylcyclohexane-l,3- 
dione in the presence of a strong acid to form enaminoketone, which is then 
25 converted to a ihione derivative. Aftertheadditionof benzyl chloride and 

hydrogen sulfide work-up, the 3-ben2ylthio-5,5-dimethylcycl6hex-2-ene-l-thione 
is isolated as a purple oil. 
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The preparation of benzyl 3 3"di(benzylthio)prop-2-enedithioate, 
another vinylogous dithioester, starts with addition of two moles of carbon 
disulilde to one mole of the Grignard reagent, such as, methyl magnesium 
chloride. Treatment with strong base at low temperature followed by addition of 
S benzyl chloride results in the dithioate, which is an orange solid. 

The thiocaibonylthio compounds with alpha- nitrogen atoms are 
synthesized from the corresponding nitrogen compounds. For example, benzyl 1* 
pyrrolecaxbodithioate is prepared by adding pyrrole to sodium hydride suspension 
in dmtetfayl sulfoxide followed by the addition of carbon disulfide. Benzyl 
10 chloride is added and the product, benzyl l-pyrrolecaifoodithioate, is isolated by 
extraction with diethyl ether. 

The corresponding 2-pyrrolidineone derivative is prepared in a similar 
manner by starting with pyrrolidone instead of pyrrole. 

" Benzyl (l,2-ben2enedicarboxiinido)carbodithioate is prepared by 
IS carbon disulfide addition to potassium phthalimide. Benzyl chloride is then added 
to con^iete the syndiesis. 

Bis(thiocarbonyl) disulfides masy be die staning material for other 
di&ioatB conq)Ounds. 2,2*-azobis(2-cyanopropane) is thermally decon^osed in 
the presence of pyrrole N-thiocaibonyl disulfide to produce 2-cyanoprop-2-yl 1- 
20 pyrrolccaibodithioate. 2-Cyanobut-2-yl l-pyrrolecari)odithioate is prepared by tiie 
same method using 2,2*-azobi5(2-cyanobutane) and pyrrole N-tfaiocarfoonyl 
disulfide. 

Benzyl l-imidazolecarbodithioate may be prepared by yet another 
method. Benzyl mercaptan is added to a solution of thiocarbonyldiimidazole in 
25 dichloromethane. The compound is then isolated as a yellow oil. 

The Xanthate derivatives may be prepared by adding the 
corresponding halocompound to potassium 0-ethyl dithiocari3onate. Therefore, 
O-ettiyl S-(l-phenylethyl) xanthate is made by adding l-(bromoethyl)benzene to 
potassium 0-ethyl ditfaiocaxbonale. O-Etfayl S-(2-etfaoxycaibonylprop-2-yl) 
30 xan Aate is made by adding 2-faromoisobutyrate to potassium O-ethyl 

dithiocaibonate, and O-ethyl S-(2-cyanoisopropyI) xanthate is made by adding 2- 
bromoisobutyronitrile to potassium O-ethyl dithiocaibonate. 

Some of the preferred CTAs include the following: 

1. The CTA which includes Dl of the formula 15 below: 
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— CH«c( y=\ 



JCHg- 

(15) 

when El is of Ifae ffxcmula 16 below: 



— S— ;CH2— <^ 



..(16) 

2. The CTA which iocludes D2 of tiie fonnula 17 below: 
S— CH2— 

5 (17) 

when El is of the fonmilas 18 - 20 below: 



(18) 




.(19) 



(20) 

10 or E2 is of fliB formulas 21 or 22 below: 



/>0 



..(22) 

3. The CTA which indudes D2 of tiie fonnulas 23 or 24 below: 
CN 



— S- 

.(23) 
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CN 



— S- 



.(24) 



when El is of die fonnula 25 below: 



o- 



.(25) 



4. The CTA whidi mcludes D2 of Uie formulas 26, 27 or 28 below: 
CO2C2H5 



I 

:—C— CH3 



CH3 
CN 
I 

■f— CH3 
CH3 



.(26) 



^..(27) 
.(28) 



when E2 is of the formula 29 below: 
10 O— C2H5 (29) 

If desired, the CTA of the fonnula 2 further includes a cyclic stmctore 
when D is Dl and T and E are such that E-C-X=C-Z' forms a ring structure. The 
bridging functionality forms a bridge between T and E. When such as a cyclic 
structure is present, Z* and E may not be halogen, methyl or carfooxy functiorudity . 
15 One of the CTAs having the bridging functionality is of the following 

fonnula 30 below where E, Z' s neopentylene: 




The source of free radicals suitable for use in the present invention 
includes those compounds that provide free radicals that add to monomers to 
20 produce propagating radicals. Propagating radicals are radical q>ecies that have 
added one or more monomer units and are cq)able of adding ftirdi^ monomer 
units. 
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The amount of the free radical initiator used depends upon the desired 
polydispeisity, molecular weight and polymer structure of the resulting polymer. 
However, generally less than 10 percent, preferably in the range of ftxsm 0.001 to 5 
percent of the free radical initiator is used* all percentages being in weight percent 
S based on the total amount of monomer mbcture. 

The source of initiating radicals may be any suitable method of 
generating free radicals that provide free radicals that add to monomers to 
produce propagating radicals. This includes such sources as the thermally induced 
homolytic scission of a suitable compound(s) (such as peroxides, peroxyesters, or 
10 azo compounds), the spontaneous generation from monomer (e.g. styrene), redox 
initiating systems, photochemical initiating systems or high energy radiation such 
as electron beam, X- or y-radiation. The initiating system is chosen such that 
under the reaction conditions there is no substantial adverse interaction of the 
initiator or the initiadng radicals with the transfer agent under the conditions of the 
15 e3q>erimenL The initiator should also have the requisite solubility in the reaction 
medium or monomer mixture. 

Examples of suitable sources of free radicals for fte process mclude 
azo compounds and peroxides such as: 

2,2 -a2obis(isobutyronitrile), 2^ -azobis(2-cyano-2-butane), dimethyl 
20 2^ -azobis(methyl isobutyrate), 4,4-azobis(4-cyanopentanoic acid), 4,4'-a2obis(4- 
cyanopentan-l-ol), l,r-a2obis(cyclohexanecarbonitrile), 2-(t-butylazo)-2- 
cyanopropane, 2,2 -azobis[2-methyl-N-(l,l )-bis(hydoxymethyI)-2-hydroxyethyl] 
propionamide, 2,2 -azobis[2-methyl-N-hydroxyethyl)]-propionamide, 2,2 - 
azobis(N J<r-dunetiiyleneisobutyramidine) dihydrochloride, 2,2 -azobis(2- 
25 amidinopropane) dihydrochloride, 2,2'-azobis(N,N -dimetfayleneisobutyramine), 
2,2-a2obis(2-methyl-N-[l,l-bis(hydroxyniethyl)-2-hydroxyethyl]propionanu 
2,2-azobis(2-metfiyl-N-[l,l-bis(hydroxymethyl) ethyl] propionamide), 2,2- 
a2obis[2-methyl-N-(2"hydroxyethyl) propionamide], 2,2 -azobis(isobutyramide) 
(Uhydrate, 2,2 -aLobis(2,2,4-trimethylpentane), 2,2*"azobis(2-methylpropane), t- 
30 butyl peroxyacetate, t-butyl peroxybenzoate, t-butyl peroxyoctoate, t-butyl 
peroxyneodecanoate, t-butylperoxy isobutyrate. t-amyl peroxypivalate, t-butyl 
peroxypivalate, di-isopropyl peroxycficarbonate, dicyclohexyl peroxydicarbonate, 
dicumyl peroxide, dibenzoyl peroxide, dilauroyl peroxide, potassium 
peroxydisulfate, ammonium peroxydisulfete, di-t-butyl hyponitrite. or dicumyl 
35 Iqfponitrite. 

Free radicals may also be generated thermally from the monomer (e.g. 
styrene), by photochemistry, from redox initiation systems or by a combination of 
these methods. 
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Photochemical initiator systems are chosen to have the requisite 
solubility in the reaction medium or monomer mixture and have an appropriate 
quantum yield for radical production under the conditions of the polymerization. 
Examples include benzoin derivatives, benzophenone, acyl phosphine oxides, and 
5 photo-redox systems* Such processes where free radicals are derived by direct 
photolysis of the compound of formula 2 where D=D2 snd B=£l or E2 are not 
part of this invention. 

Redox initiator systems are chosen to have the requisite solubility in 
the leaction medium or monomer mixture and have an appropriate rate of radical 
10 production under the conditions of the polymerization; these initiating systCTis 
may include combinations of the following oxidants and reductants: 
oxidants: potassium peroxydisulfate, hydrogen peroxide, t-butyl 
hydroperoxide. 

reductants: iron (II), titanium (£0), potassium thiosulfite, potassium bisulfite 
IS Other suitable initiating systems are described in recent texts. See. for example, 
Moad and Solomon The Chemistry of Free Radical Polymerization", Peigamon, 
London, 1995. pp 53-95. 

A monomer mix suitable for use in the present invention may include 
at least one vinyl monomer of the formula 3 1 below: 

20 M (31) 

where L is selected fipom the group consisting of hydrogen, halogen, 

and substituted or unsubstituted C1-C4 alkyl, said alkyl substituents bemg 

independently selected from the group consisting of OH, OR". CO2H. O2CR". 

CO2R'' and a combination thereof; 

25 where M in the formula 3 1 is selected from the group consisting of 

hydrogen, R", CO2H. CO2R", COR", CN. CONH2. CONHR", CONR"2. 02CR". 
OR", and halogen. 

R** is as defined above. 

Depending upon the type of polymer desired, the monomer noix may 
30 also include tiie following monomm: 

Maleic anhydride, N-alkylmaleimide, N-aiylmaleimide, dialkyl 
fumarate, cyclopolymerizable or a ring opening monomer, or a combmation 
tfiereof . The monomer mix may also include macromonomers. which are 
compounds of the formula 31 where L or M is a polymer chain. 
35 The monomers or comonomers of the formula 3 1 generaUy include 

one or more of acxylate and metbacrylate esters, aoylic and methacrylic acids. 
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styrene, aorylamide, xnethacrylamide, aciylonitrile, methacrylonitrile, vinyl esters 
and mixtures of these monomers, and mixtures of these monomers with other 
monomers. As one skilled in the art would recognize, the choice of comonomers 
is determined by their steric and electronic properties. The factore which 
5 determine copolymerizability of various monomers are well documented in the 
art For example, see: Greenley, R.Z. in Polymer Handbook 3rd Edition 
(Brandup, J., and Iramergut, E.H Eds.) Wiley: New York, 1 989 p n/53. 

The specific monomers or comonomers of the formula 3 1 include one 
or more of the following: 

10 methyl mediacrylale, ethyl methacrylate, propyl methacrylate (all 

isomers), butyl methacrylate (all isomers), 2-ethylhexyl methacrylate, isobomyl 
methacrylate. methacrylic acid, benzyl methacrylate, phenyl methacrylate, 
methacrylonitiile, alpha-methylstyrene, methyl acrylate, ethyl aciylate, propyl 
acrylate (all isoniers), butyl aciylate (all isomers), 2-ethylhexyl aciylate, isobomyl 

15 acrylate, aaylic add, benzyl aciylate, phenyl acrylate, actylonitrile, styrene, 
functional methacrylates, acrylates and styrenes selected from glycidyl 
methacrylate, 2-hydroxyethyl methacrylate, hydroxypropyl methacrylate (all 
isomers), hydroxybutyl methacrylate (all isomers), methyl a- 
hydroxymethyacrylate, ethyl a-hydroxymethyacrylate, butyl a- 

20 hydroxymethyacrylate, NJ^-dimethylaminoethyl methacrylate, NJM- 

diethylaminoettiyl methacrylate. triethyleneglycol methacrylate, itaconic 
anhydride, itaconic acid, glycidyl acrylate, 2-hydroxyethyl acrylate, 
hydroxypropyl acrylate (all isomers), hydroxybutyl acrylate (all isomers), N J^- 
dhnethylaminoethyl aciylate, N J4-dietbylaminoetfayl acrylate, triethyleneglycol 

25 acrylate, metfaaciylamide, N-methylacrylamide, N,N-dimethylacrylamide, N-tert- 
butylmethaciylamide, N-n-butyimethacrylamide, N-methylolmethacrylamide, N- 
ethylolmethacrylanwde, N-tert-butylacrylamide, N-n-butylacrylamide, N- 
methylolacrylamide, N-ethylolacrylamide, vinyl benzoic acid (all isomers), 
diethylaminostyrene (all isomers), alpha-methylvinyl benzoic acid (all isomers), 

30 diethylamino alpha-methylstyrene (all isomers), p-vinylbenzene sulfonic acid, p- 
vinylbenzene sulfonic sodium salt, trimethoxysilylpropyl methacrylate, 
triethoxysilylpropyl methacrylate, tributoxysilylpropyl methacrjdate, 
dhnetboxymethylsilylpropyl methacrylate, diethoxymethyl- 
silylpropylmethacrylate, dibutoxymethylsilylpropyl methacrylate, 

35 diisopropoxymethylsilylpropyl methacrylate, dimethoxysilylpropyl methaciylate, 
diethoxysilylpropyl methacrylate, dibutoxysilylpropyl methacrylate, 
diisopropoxysilylpropyl methacrylate, trimethoxysilylpropyl acr>'late, 
triethoxysilylpropyl aciylate, tributoxysDylpropyl acrylate, 

20 
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dimethoxymethylsilylpropyl acrylate, diethoxymethylsilylpropyl acrylate, 
dibutoxymethylsilylpropyl acrylate, diisopropoxymethylsilylpropyl acrylate, 
dimethoxysilylpropyl acrylate, diethoxysilylpropyl acrylate, dibutoxysilylpropyl 
aoylate, diisopropoxysilylpropyl aciylate, vinyl acetate, vinyl butyrate, vinyl 
S benzoate, vinyl chloride, vinyl fluoride, vinyl bromide, maleic anhydride, N- 
phenylmaleiniide, N-butylmaleimide, N-vinylpyrrolidone, N-vinylcarbazole, 
butadiene, ispprene, chloroprene, ethylene and propylene. 

Other suitable monomers include cyclopolymerizable monomers such 
as tiiose disclosed in International Patent Application PCT/AU94/00433 or Moad 
10 and Solomon 'The Qiemistiy of Free Radical Polymerization*', Pergamon, 

London, 1995, pp 162-171 and ring opening monomers such as those described in 
Moad and Solomon ""Tht Chemistty of Free Radical Polymerization", Pergamon, 
London, 1995, pages 171-186. 

• The polymer resulting from the process of the present invention is of 
IS the following formula 32: 




(32) 



where n is a positive integer in the range of from 1 to 100,000, preferably in the 
range of from 5 to 10000 and more preferably in the range of from 10 to 1000. Q" 
in the formula 32 and the formxilas below is a repeat unit derived from a monomer 
20 selected the group consisting of maleic anhydride, N-alkyhnaleknide, N- 

aiyhnalehnide, dialkyl fumarate, cyclopolymerizable monomer, a ring opemng 
monomer, a ntmcromonomer, a vinyl monomer of formula 3 Uwhra Q'* will have 
structure 33) 

L 

I 

— CH2 — C — 

^ (33), 

25 and a combination thereof; 

wherein L is selected from the group consisting of hydrogen, halogen, 
and substimted or unsubstituted C1-C4 alkyl, said alkyl substituents being 
mdependently selected from the group consisting of OH, OR", CO2H, O2CR", 
CO2R" and a combination thereof; 
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wherein M is selected from the group consisting of hydrogen, R", 

CO2H, CO2R". COR". CN, CONH2, CONHR'\ C0NR"2. 02CR". OR", and 

halogen; and 

R'' is as defined above. 
S Ainthefonnula32isof the formula 34 below, when D is Dl and E is 

Z*: 

c — r 




8 



(34) 

' Thus, when p=:l the resulting polymor will comprise a mixture of the 
isomers shown in formula 35 below: 




V 



10 t E (35) 

Alternatively, A is of ^e formula 36 below when D is D2 and E is El : 



C =S 

/ 

3 (36) 

Thus, whrai p=l, the resulting polymer is of the formula 37 bdow: 



C =S 



/ 

15 ^ (37) 

In yet another embodiment, A is of the formula 38 below when D is 
D2andEisE2: 

\ 
c =s 

^ (38) 
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Thus, when psl . the resulting polymer is of the formula 39 below: 

R-f-Q"-]-S -c=S 

G (39) 

Another type of polymer resulting from Ae process of invention has 
5 the following formula 40 (the product will be a mixture of isomers).: 

L 1 [ .J 



s 



Mr J 



P' 



. . . .(40) 

where n is a posidve integer in the range of from 1 to 100,000, and D is D3 and E 
isZ,ElorE2 

10 StiUotborQrpesofpolymK resulting from the process of invention has 

die f(nmula41 or 41a: 



,4-0-4-8 



-C N- 



•'P ....(41) 

where n is a positive integer in the range of £rom 1 to 100,000, and D is D4 and E 



isE3. 



15 



•'P ...•(41a) 



where n is a positive integer in the range of from 1 to 100,000» and D is D4 and E 
isE4. 

the context of flie present invention, low polydi^)ersity polymers 
axe those witii polydispersities that are significantly less than those produced by 
20 conventional free radical polymerization. In conventional free radical 

polymerization, polydispersities of the polymers formed are typically in the range 
1.5 to 2.0 at low monomer conversions in the range of from 0.1 % to 10% and are 
substantially greater in the range of from 2 to 10 at higher monomer conversions 
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in the range of from 10 % to 100%. Polymers having low polydispersity in the 
range of from 1.05 to 1.5 are prefeirecL Those having the polydispersity in the 
range of h05 to 1.3 are more preferred. Moreover, one of the significant 
advantages of the process of the present invention is that the foregoing low 
5 polydispersity can be maintained even at high monomer conversions of in the 
range of from 10% to 100%. 

However, it should be understood, it is also possible, if desired, to 
produce polymers with broad, yet controlled, polydispersity or multimodal 
molecular weight distribution by controlled addition of the CTA over the course 
10 of fte polymerization process of the present mvention. 

The invention can be used to narrow tfie polydispersity of polymers 
formed in polymerizations that would otb^wise produce polymers of broad or 
very broad polydispersities. in this circumstance a preferred polydispersity is one 
which is Tess than that formed in the absence of the CTA . 
15 While not wishing to be limited to any particular mechanism, it is 

believed that the mechanism of the process is as summarized in Scheme 1 below. 
Propagating radicals Pn* are produced by radical polymerization. These can react 
reversibly with the chain transfer agent RA to form an intermediate radical 
Pn A(OR which fragments to give a radical K^ (which adds monomer to reinitiate 
20 polymerization) and a new transfer agent Pn A. This new transfer agent Pn A has 
similar charactoristics to the original transfer agent RA in that it reacts with 
another propagating radical Pm* to form an intermediate radical Pn A(*)Pm which 
fragments to regenerate Pn* and form a new transfra* agent PmA which has similar 
characteristics to RA. This process provides a mechanism for diain equilibration 
25 and accounts for the polymerization having living characteristics. 
Scheme 1: 

monomer + initiator ^ ^ Pn* 

Pn* + R-A ':^=^ Pn-A-R ^ ^ ' Pn-A -f R- 

Pm- + Pn-A -"^r— ^ Pm-A-Pn^=^==^ Pm-A + Pn* 
Pn» and Pm* are propagating radicals of chain length n and m 
respectively. R» is a chain transfer agent derived radical which can initiate 
30 polymerization to produce a new propagating radical. RA, PnA and PmA are 
CTAs. 

The molecular weight and the polydispersity of the polymer made by 
ttie process of the present invention are controlled by one or more of the 
following: 
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The polymerization conditions are selected to minimize the number of 
chains formed from initiator-derived radicals to an extent consistent with 
obtaining an acceptable rate of polymerization. Termination of polymerization by 
radical-radical reaction will lead to chains which contain no active group and 
5 therrfoie cannot be reactivated. The rate of radical-radical termination is 
proportional to ttie square of the radical concentration. Furthermore, in the 
synthesis of block, star or branched polymers, chains formed from initiator- 
derived radicals will constitute a linear homopolymer impurity in the final 
product These reaction conditions therefore require careful choice of the initiator 
10 concentration and, where appropriate, the rate of the initiator feed. 

It is also desirable to choose other components of the polymerization 
medium (for example, the solvents, surfactants, additives, and initiator) such that 
they have a low transfer constant towards the propagating radical. Chain transfer 
to these species will lead to ttie formiation of chains which do not contain the 
IS active group. 

As a general guide in choosing conditions for the polymerization of 
narrow polydispersity polymers, the concentration of initiator(s) and otiier reaction 
conditions [solvent(s) if any, reaction temperature, reaction pressure, surfactants if 
any, other additives] should be chosen such that the molecular weight of polymer 
20 formed in the absence of the CTA is at least twice that formed in its presence. In 
polymerizations where radical-radical termination is solely by disproportionation, 
this equates to choosing an initiator concentration such that the total moles of 
initiating radicals formed during the polymerization is in the range of 0.000001 
times to 0.5 times that of the total moles of CTA. More preferably, conditions 
25 should be chosen such that the molecular weight of polymer formed in the absence 
of tiie CTA is at least S-fold that formed in its presence ([initiating 
radicals]/[CTA] < 0.2). 

Thus, by varying the ratio of tiie total number of moles of the CTA to 
the total number of moles of the free radical initiator added to a polymerization 
30 medium, tiie polydispersity of the resulting polymer is controlled. Thus, by 

decreasing the foregoing ratio, a polymer of lower polydispersity is obtained and 
by incareasing the ratio, a polymer of higher polydispersity is obtained. 

With these provisos, the polymerization process according to the 
present invention is performed under the conditions typical of conventional free- 
35 radical polymerization. Polymerization employing the CTAs of the present 

invention is suitably carried out witii temperatures during the reaction in the range 
-20 ''C to 200 "C, preferably in flie range 40 tol60 "^C. 
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Unlike, a conventional free radical polymerization process, the 
molecular weight of the resulting polymer by the process of the present invention 
generally increases in a predictable and linear fashion, and may be estimated in 
accordance with the following relationship: 

5 

M%A/ - [Moles of mononrBr consumed] ^ ^y., , ^. . , 
''^P«'=' ' [rmlesofCrA] * """^^^ 



where MWprod ^ the number average molecular weight of the isolated polymer, 
MWmon the molecular weight of the monomer and MWcta is the molecular 
10 weight of the CTA. The foregoing expression applies under reaction conditions 
where the number of initiator-derived chains is less than 10 percent with respect to 
total chains and when the added CTA is completely reacted. More complex 
expressions may be derived to enable prediction of the molecular weight in other 
cbcumstances. 

15 By way of illustration, consider the data provided in Examples 1 9 

and 20. A close correspondence is seen between molecular weights calculated 
according to the above equation and those found experimentally. 



MWprod 


fractions! 


moles 


moles CTA 


MWprod 


(foand.) 


conveisioii 


monomer 




(calc) 






consumed 






37257 


0.31000 


0.017230 


4.0952e-05 


36393 


97127 


0.89000 


0.049467 


4.0952e-05 


104090 


110910 


0.91000 


0.050579 


4.0952e-05 


106430 


3381.0 


0.22000 


0.012228 


0.00040952 


2777.9 


5952.0 


0.47000 


0.026123 


0.00040952 


5695.9 


8762.0 


0.74000 


0.041130 


0.00040952 


8847.4 



20 The process of this invention can be carried out in emulsion, solution 

or suspension in either a batch, semi-batch, continuous, or feed mode. O&erwise- 
convendonal procedures can be used to produce narrow polydispersity polymm. 
For lowest polydispersity polymers, the CTA is added before polymerization is 
commenced. For example, when carried out in batch mode in solution, the reactor 

25 is typically charged with CTA and monomer or medium plus monomer. To the 
mixture is then added the desired amount of initiator and the mixture is heated for 
a time which is dictated by the desired conversion and molecular weight 
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Polymers with broad, yet controlled, polydispersity or with 
multimodal molecular weight distribution can be produced by controlled addition 
of the CTA over the course of the polymerization process. 

In the case of emulsion or suspension polymerization the 
5 polymerization medium will often be predominantly water and the conventional 
stabilizers, di^ersants and other additives can be present 

For solution polymerization, the polym^ation medium can be 
diosen from a wide range of me^dia to suit the monomer(s) being used. For 
example, aromatic hydrocarbons, such as, petroleum naphtha or xylenes; ketones. 
10 sudi as, mettiyl amyl ketone, methyl isobutyl ketone, methyl ethyl ketone or 
acetone; esters, such as, butyl acetate or hexyl acetate; and glycol ether esters, 
such as. propylene glycol monomethyl ether acetate. 

As has already been stated, the use of feed polymerization conditions 
allows the use of CTAs with lower transfer constants and allows the sjmthesis of 
IS polymers that are not readily achieved using batch polymerization processes. If 
the polymenzadon is carried out as a feed system Ae reaction can be carried out as 
follows. The reactor is charged with the chosen polymerization medium, the CTA 
and optionally a portion of the monomer mixture. Into a separate vessel is placed 
the remaining monomer mixture. The free radical initiator is dissolved or 
20 suspended in polymerization medium in anottio* separate vessel. The medium in 
the reactor is heated and stirred whUe the monomer mixture + medium and 
initiator + medium are introduced, for example by a syringe pump or other 
pumping device. The rate and duration of feed is determined largely by the 
quantity of solution, the desired monomer/CTAAnitiator ratio and the rate of the 
25 polymerization. When the feed is complete, heating may be continued for an 
additional period. Sequential addition of different monomers will give a block or 
gradient copolymer. 

Following conq>letion of the polymerization, the polymer can be _ 
isolated by stripping off the medium and unreacted monomer(s) or by precipitation 
30 with a non-solvent Alternatively, the polymer solution/emulsion can be used as 
such, if appropriate to its application. 

The process of the present invention is compatible with a wide variety 
of monomers and can be used under varied reaction conditions to produce 
polymers having low polydispersity. By varying the rate of monomer(s) addition 
35 or by varying the sequence in which the monomer(s) may be added to the 

polymerization medium, the process present invention may be used to produce 
block and multi-block and gradient polymers. By selecting the functionalities 
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desired, an end-functional polymer of specific end functionalities can be readily 
produced. 

Bxaniples of CIAs of the formula 6 which are precursors to graft 
polymers of formula 32, which include copolymers and/or xanthate or 
5 dittuocarbamate derivative of the following fonnula 42: 




9*s 

E ...(42X 

when in the formula 32, p a n and R is of the following fonnula 43: 

10 




' .-.(43) 

Examples of CTAs containing functionality attached to a conmion 
nucleus are described below. 

When in the formula 6 p=2, R=: p-xylylene, the CIA is of the formula 

IS 44 below: 

E-O-S-CHg-^^VcHzS-C-E 

...(44),and 

and when m the formula 10, p"*s 2, EsG4, G"* = p-pbenylene thai the CTA is of 
the formula 45 bdow: 

20 ^-^ .,.(45) 

The compound of die following formula (46) will provide a star 
polymer, as shown below: 
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CH2 

S V 3 

E-ii-S-CHa-^^CHaS-fi-E 




Hz 

V . . 

^ •..(46) 

When in the formula 6, p=4 and R is of the following formula 47 below: 




...(47) 

S ..The polydispmity obtained under a given set of reaction conditions is 

sensitive to the value of the transfer constant (Qr). Lower polydispersities will 
result from the use of CTAs with higher transfer constants. According to Ae 
above mechanism, the chain transfer activities of the reagents (R A, Pn A and 
PmA) will be determined by the reactivity of the OS double bond and by the rale 

10 of fragmentation and the partitioning of the intermediate radicals between starting 
materials and products. 

Miiller et al. have derived relationships which enable polydispersities 
to be estimated for polymerizations which mvolve chain equilibration by 
reversible cham transfix (Mtiller» AJLE.; Zhuang, R.; Yan, D.; litvenko, G. 

IS Macromokcules, 28. 4326 (1995)) 



Mw/Mn=l + 1/Ctr 

Where Qr is the chain transfer constant 

20 This above relationship should apply to batch polymerizations carried 

to full conversion in the situation where the numbw of initiator-radical derived 
chains is small with respect to total chains and there are no side reactions. This 
relationship suggests that the transfer constant should be greater than 2 to obtain a 
polydispersity < 1 ^ in a batch polymerization. 

25 For a feed polymerization in which the monomer concentration is kq>t 

constant by continual replenishment, Miiller et al. suggest that the following 
relationship should hold (Mtiller, A. H. E.; Litvenko, G., Macromolecules 30, 
1253(1997)): 

30 Mw/Mn = 1 + (2/DPn) (l/Qr) ([M]/[CrA]) 
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Where Qr is the chain transfer constant and DPn is the degree of polymerization 
of the product 

A possible mechanism of the addition-fragmentation step, without 
reliance thereon, for Ae case of compounds of the formula 2 where D is Dl is as 
follows: 




The foregoing fnoposed mechanism is in accord with «iperiniental 
observations. According to diis mechanism, &e X group may in principle be any 
10 gn>i9 which maintains conjugaticai between tiie OS and the S-R groups. Some 
possible stiuctures are included in the following fommlas 48-50: 

RV S-R 

Z ...(48) 2 ...(49) 

Xs mettiine X^substimted mefliine 

S-R 

15 Z . . . (50) 

Xs^nitrogen 

Other examples of CTAs with conjugating groups are of the following 
formulas 51-53 below: 




Xasallylme 
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Structures containing multiple alkylthio groups allow the synthesis of 
polymers of more complex architecture. For example the following compound 
can give rise to a three arm star 54 as follows: 

d^^^^Ph S~CH2Ph 
S=c(°"^S^CHaPh 
5 ' ^ S'^CHgPh ^54^ 

Sequential addition of monomers will give rise to block copolymers. 
It will be clear to those smed in the art that to be effective as a CTA 
m the present invendon, die group R of die CTA must be both a free radical 
leaving gn>up and a spedesdiat initiates fxee radical polymerization. Leaving 

Id group ability is determined bodi by steric factors and by radical stabiUty. 

Examples of preferred R groups for the CTA are benzyl derivatives (-CR* ' '2?^ 
and cyanoalkyl derivatives (-CR*"2C2^ and otfier moieties known to the art as 
free radical leaving groups. 

The leaving group ability of R* will also be determined by die nature of 

15 die propagating species formed in die polymerization. For example, in styrcne 
polymerization, R is preferably selected from the group consisting of benzyl, 1- 
phenylethyl, 2-phenylpropyl, 2-<alkoxycarbonyI)prop-2-yl, 2-cyanoprop-2-yl, 2- 
cyanobut-2-yl, and 1-cyanocyclohexyl. In methyl mediacrylate polymerization R 
is preferrably selected from the group consisting of 2-phenylpropyl, 2-cyanoprop- 

20 2-yl, 2-cyanobut-2-yl, and iHcyanocydobexyl Jn vmyl acetate>polymerizadon R 
is preferrably selected from the group consisting of 2-(alkoxycarfoonyl)prop-2-yl, 
cyanomediyl, 2-cyanoprop-2-yl, 2-cyanobut-2-yl, and 1-cyanocyclohexyL 

To avoid retardation the R**\ substituents should be chosen such that 
R* gives facile addition to the monomer. In tiiis context, the preferred R*" groups 

25 are independendy selected from the group consisting of hydrogen and substituted 
alkyl. The ability of R« to initiate polymerization will be determined by the nature 
of the monomers used in the polymerization. In polymerization of styrene and 
methacrylates benzyl derivatives (-CR'*'2Ph) and cyanoalkyl derivatives (• 
C3l*"2CN) are effective. However, in vinyl acetate polymerization benzyl 

30 derivatives (-CR"'2Ph) are slow to initiate polymerization, and retardation 'may be 
obs^ved, but cyanoalkyl d^vatives (-CR'**2CN) and the corresponding esters (- 
CR"*2C02Alkyl) are effective. 

In polymerizations of (meth)acrylate5 and styrene, we have discovered 
diat ditiiiocarbamate CTAs (formnla 2, D=D2, Es=El) with conjugating or 

35 electron withdrawing substituents at the dithiocaibamate nitrogen arc substantially 
more effective than dithiocarbamate derivatives with simple alkyl substituents. 
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Thus, the preferred groups in El for this application are aromatic 
nitrogen heterocycles where G-N-J forms part of aromatic cyclic group, such as 
those of die following formulas 55 and 56 below: 

5 ^...(55) '^...(56) 

pyrroles imidazoles 
and groups in El such as cyclic amides where G*N-J forms part of a non-aromatic 
cyclic group with substituent such as oxo conjugated to nitrogen as in the 
following formulas 57-59 below: 

10 ^ ...(57) O^'^ _(58) ^^...(59) 

lactam imide phthalimides 

One possible explanation for the greater activity of the above 
dithiocarbamates is in terms of a higher reactivity of the C=S double bond towards 
free radical addition. This is attributed to the effect of the conjugating or electron 
15 withdrawing substituents giving greater double bond character to the C=S double 
bond. 

In carbamates and amides the N-CO Imk has partial double bond 
character as a result of die delocalisation of the non-*bonded nitrogen lone pair 
with the p electrons of caibonyl group (Deslongchamps, P. Stereoelectronic 
20 effects in organic diemistry, Pergamon Press, NY, 1983). As a result, the oxygen 
of the caxbonyl group has a partial negative charge. Since sulfur has a higher 
electron affini^ than oxygen, &is effect would be expected to be more 
pronounced in dithiocarbamates. 

^N-/ — ^N-y 

25 ^ the nitrogen lone pair participates in an alternate n-system (e.g. the 

aromatic pyrrole ring) the lone pair will be less avulable for delocalization into 
Oie thiocaibonyl bond resulting in a greater double bond character for the 0=S 
double bond and hence a greater reactivity of the CTA towards radicals. 

Similar considnudions ^ly in tat case of xanthale esters. We have 

30 found that effectivraiess of xanlhate ester CPAs (formula 2, I>=D2, E=E2) in 
providing low polydispersity polymers in acrylate polymerization increases in the 
series where G' is -Oa < -OCeHs <C6F5.. 



32 



wo 99/31 144 PCT/US98/26428 
The transfer constants of dithiocarbamate and xanthate derivatives 
(compounds of formula 2 D=D2, E= El or E2 repectively) are strongly dependent 
on the monomer used. Thus dithiocarbamate and xanthate derivatives of formula 2 
with DsD2 and E=E1 or E2 wherein G, J, and G* are independently selected from 
5 the group consistmg of substituted or unsubstituted alkyl, substituted or 
unsubstituted alkylene, substituted or unsubstituted aryl, substituted or 
unsubstituted heterocyclyl have relatively low transfer constants in polymmzation 
of methacrylate or styxene monomers and are not effective in giving narrow 
polydispersity polymers in batch polymerization of such monomers. 
10 However in polymerization of vinyl acetate, vmyl butyrate, vinyl 

benzoate, vinyl chloride, vinyl bromide, vinyl fluoride, N-vinylpyrolidone, N- 
vinylcarbazole and similar vinyl monomers these dithiocarbamate and xanthate 
derivatives (compounds of formula 2, D=D2, E= El or E2) have higher transfer 
constants enabling low polydispersity polymers to be achieved. Preferred CTAs 
IS for use with these vinyl monomers include compounds of formula 2 with D=D2 
and EsEl or E2 whexein G, J, and G' are indepradently selected from the group 
consisting of substituted or unsubstituted aUgri,substituted or unsubstituted 
alkylene, substituted or unsubstituted aiyl, substituted or unsubstituted 
beterocyclylt or when Es£U G-N*J forms part of a non-aromatic cyclic group. 
20 The invention has wide applicability in the field of free radical 

polymerization and can be used to produce polymers diat are suitable for use in 
compositions for coatings, including automotive OEM and reflnishes, as primers, 
basecoats, undercoats, overcoats and clear coats. The polymers are also suitable 
for use in compositions for maintenance fmishes for a wide variety of substrates, 
25 such as steel, copper, brass and aluminum or non-metallic substrates, such as, 
wood, leather and concrete. 

A coating composition containing the polymer prepared by the process 
of tiie present invention may also contain conventional additives, such as» 
pigments, stabilizers, flow agents, toughening agents, fillers, durability agents, 
30 corrosion and oxidation inhibitors, ifaeology control agents, metallic flakes and 
other additives. Such additional additives will, of course, depend on the intended 
use of the coating composition. Fillers, pigments, and other additives that would 
adversely effect the clarity of the cured coating will not be included if the 
composition is intended as a clear coating. 
35 Block and star, and branched polymers can be used as compatibilizers, 

thermoplastic elastomers, dispersing agents, flocculants, surfactants, rfieology 
control agents or as additives to modify the surface properties of bulk polymers 
and plastics. Additional applications for polymers of the invention are in the 
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fields of imaging, electronics (e.g., photoresists), engineering plastics, adhesives, 
sealants, paper coatings, printing inks, and polymers in general. 

The invention can also be applied to the controlled grafting of polymer 
chains onto solid polymers or surfaces for the purpose of controlling 
5 biocompatibility, biostability, hydrqphilidty, hydrophobicity, adhesion or friction. 

EXAMPLES 

Monomers were purified (to remove inhibitors) and flash distilled 
immediately prior to use. Degassing was accomplished by repeated freeze- 
evacuate-thaw cycles. Once degassing was complete ampoules were flame sealed 
10 imder vacuum and completely submerged in an oil bath at the specified 

temperature for the specified times. The percentage conversions were calculated 
gravimetrically. 

Examples 1*6 illustrate die synthesis of thiocaibonylthio compounds 
with an a-nitrogcn substituent (dithiocarbamates fonnula 2, D=D2, E=E1) 



15 





P 



(60) D «D2, Rsbenzyl; E = E1 = l-pynrolyl 

P 



20 



(61) 

DsiD2,R=benzyl; 

E = El = l-(pyrrolidin-2-Qnyl) 



(62) 

D = D2,R=benzyl; 

E = El:=N-phthaiimidyl 





25 



(63) 

D = D2, R =2-cyanopn)p-2-yl 
EssEl = l-pynolyl 



(64) 

D = D2, R =:2-cyanobut-2-yl 
E = E1 s l-pyrrolyl 




(65) 

D = D2, R =*en2yl; E = El = 1-unidazolyl 



30 
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(66) 

D = D2, R =2-cyanoprop-2-yl 
E = El, G = J= methyl 



PCT/US98/26428 
(67) 

D = D2, R sbenzyl 
E = El; G = J= ethyl 




-S— CHaCN 



! 



c-s- 



;o2Et 



10 



(68) 

D = D2, R =cyanomethyl; 
E = El ss l-(pyiroli<lm-2-onyl) 



(69) 

D = D2, R=2-(ethoxycaibonyl)pix)p-2-yl; 
E = E1;G = J=: ethyl 



Procedure 1 



Preparation of benzyl UpyrrolecarbodUhioate (60) 

Pyrrole (1.34 g, 20 mmol) was added dropwise to a stirred suspension 
of sodium hydride (0.48 20 mmol) in dimethyl sulfoxide (20 niL). On 

15 completion of addition the resulting brown solution was stirred at room 

ten^^erature for 30 minutes before the addition of caibon disulfide (1 .52g. 20 
mmol). The solution was allowed to stir at room temperature for a further half 
hour and beo^l chloride (2.53g» 20 mmol) added Water (20 mL) was added after 
1 hour followed by diethyl ether (20 mL). Tlie organic layer was separated and the 

20 aqueous layer extracted with dieAyl ether (2x20 mL). The combmed extracts 
were dried with magnesium sulfate, filtered and the solvrat rnnoved. The crude 
product was diromatogn^hed using 5% ethyl acetate in petroleum spirits to 
isolate the product as a yeUow oil (234 g, 50%). ^H-nmr (CDQs) 5 4.60 (2H), 
6.30 (2H). 7.40 (5H), 7.70 (2H). 13c-nmr (GDOs) 5 41.7. 1 14.2, 120.6, 128.0, 

25 128.8, 129.4, 135.0, 189.0. 



Exan^Iel 

Preparation of benzyl l-(2^pyrroUdinone)carbodUhioate (61) 

Benzyl chloride (0.8 g, 6.3S mmol) was added to a suspension solution 
30 of l-(2^pyrrolidinone)caibodithioc acid (0.97g, 6.02 mmol) and potassium 

carixmate (0.84g, 6.09 mmol) in absolute ethanol (10 mL) at room temperature. 
The resulting mixmre was stirred at room temperature for three hours. Water (25 
mL) was added, then extracted with ethyl acetate (3x20 mL). The combined 
organic layer was dried over anhydrous sodhmi sulfate. After removal of solvent. 
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tihe residue was subjected to column diromatography (Kieselgel-60, 70-230 mesh) 
using n-hexane initially (to remove unreacted benzyl chloride) and then with ethyl 
acetate/n-hexane 3:7 as eluent. The title compound, benzyl l-(2- 
pyniolidinone)carboditfaioate (61) (l.lg. 73%) was obtained as a bright yellow 
5 solid. TO.p. 57-58''C. iH-ranr (CDCI3) 5 2. 1 1 (ddt, 2H), 2.73 (t, 2H), 425 (dd, 
2H). 4.40 (s. 2H) and 720-7.40 (m. 5H). 

Exaniple2 

Pnpantion of benzyl (l^beazenedKarboximUo)atrbotmioate(62) 

Caibon disulfide (1.0 g, 13.1 nmol) was added slowly over ten 
10 minutes to a suq>ension of potassium phthalimide (1.85 g, 10 mmol) in dimethyl 
sulfoxide vaL) at room temperature. The resulting mixture was allowed to stir 
for a fiuther five hours at room tenqwrature before the addition of benz^rl chloride 
(126 g, 10 mmol). The mixture was then heated at 50°C for tiiree hours. Water 
(30 mL) was added, and die mixture extracted with etiiyl acetate (3x20 mL). The 
15 combined organic layer was dried over anhydrous magnesium sulfate, fUtered, and 
removed on a rotary evt^rator to give a yellow oil. The crude reaction mixture 
was chromalognq)hed (kieselgel-60, 70-230 mesh, ethyl acetate/n-hexane 1:9 as 
duent) to give boizyl (12-ben:^edicaiboximido)carboditfaioate (62) (180 mg, 
5.8% yield). 'H-nmr (GDOs) 5 4 J5 (s. 2H), 7.30-7.45 (m, SB), 7.82 (dd, 2H) 
20 and 7.98 (dd.2H). 

Examples 

Pr^anHon of2<yanapnp'2-yl l-pyrrolecarbomuoate (63) 

Pyrrole N-thiocarbonyl disulfide (0.15 g, 0.53 mmol) and 22*- 
25 azobis(isobutyronitiile) (0.16 g, 1 mmol) was dissolved in ethyl acetate (5 mL) 
and transfered into a Young's vessel. The contents were degassed and heated at 
70°C for 24 hours. The solvent was removed under vacuum and the residue 
chromatograpbed on silica (10% ethyl acetate / petroleum spirits) to afford 2- 
cyanoprop.2-yl 1-pynolecarbodithioaie (135 mg, 61%). iR-nmr (CDOs) 5 1.99 
30 (6H). 638(2H), 7.61 (2H). ^^C-raar (GDOs) 8 27.0. 1 14.7. 120.7. 176.4. 1932. 
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Preparation of 2-cyanobut''2'yl l-pyrrolecarbodithioate (64) 

Pyrrole N-thiocarbonyl disulfide (0.71 g. 2.5 mmol) and 2,2'-azobis(2- 
cyanobutane) (0.63 g, 3.3 mmol) was dissolved in ethyl acetate (10 mL) and 

S transfered into a Young's vessel. The contents were degassed and heated at 70°C 
for 24 hauis. Hie solvent was removed under vacuum and the residue 
chromatographed on alumina (activity m) (1S% ethyl acetate / petroleum spirits) 
to afford 2-c7anobut-2ryl 1-pyrrolecaxbodithioate as an oil (310 mg, 28%). The 
compound gradually decomposes at room temperature and needs to be stored in 

10 tbe freezer. Ifl-nmr (CDOs) 8 1.10 (3H, g. 1.89 (3H. s), 2.22 (2H. m). 6.30 
(2H),7.65(2H). 

Procedure 2 

Preparation of benzyl I'imidazolecarbodiihibate (65) 

IS Benzyl mercaptan (0.68 g, S.S mmol) was added dropwise to a solution 

of ^bcarbonyl diimidazole (0.89 g, S mmol) in dichloromethane (10 mL) at room 
tenq)erature. The solution was allowed to stir for 30 minutes at die same 
tenq)erature and ttie solvent was thra removed under vacuum. The residue was 
chromatographed (Kieselgel-60, 70-230 mesh) using ethyl acetate/petroleum 

20 spirits 3:7 as eluent to afford benzyl 1-imidazolecaibodithioate (65) (0.78 g, 54%) 
as a bright yellow solid. iH-nmr (CDCI3) 5 4.60 (2H), 7.10(1H,), 7.40 (5H,), 7.75 
(IH), 8.45 (IH). 13C-nmr (CDCI3) 541.73, 117.6, 131.5. 135.0, 128.3, 128.9. 
129.4, 133.8, 188.3. 

25 ExangpleS 

Pr^aration of N^'4imeUtyl'S'(2''Cyanoprop'2'yl) dithiocarbamate (66) 

Tetramethylthiuramdisulfide (1.2 g, 5 mmol) and 2,2*- 
azobis(isobatyronitrile) (L23 g, 7.5 mmol) was dissolved in benzene. The 
solution was degassed by bubbling nitrogen through the solution for 10 minutes 
30 and heated at reflux for 24 houre. Benzene was removed under reduced presssure 
and die crude residue chromatographed (silica gel, 30% ethyl acetate in petroleum 
spirits) to affoid die tide compound (1.74 g, 93%). IH-nmr (COas) 5 1.9 (6H), 
3.4 (6H, bd). 13c-nmr (CDCI3) 5 27.4, 42.15, 62.5, 122.0, 190.0. 
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Procedure 3 

Preparation ofN^N^dkthyl S'benzyl dithiocarbamate (67) 

Benzyl bromide (2.05 g, 12mmol) in THF (10 vciL) was added 
5 dropwise over 15 minutes to a supension of sodium N^-(ficthyMithiocarbamate 
trihydrate (2.25 g. 10 mmol) in 25 mL of THF at room temperiaturc. The solution 
was allowed to stir at room temperature for 3 hours when the solids were filtered 
off and the filtrate concentrated. The crude residue was purified by column 
chromatogn^jhy (silica gel, 20% ethyl acetate in petroleum spirits) to obtain the 
10 title compound (2,25g. 94%). *H-nmr (CDas) 5 1.3 (6H), 3.7 (2H), 4.1 (2H), 
4.6 (2H) J.3 (5H). 

Example 6 

Preparation ofcyanomeihylU(2''pyrroUdone)carbodUhoate (68) 

Chloroacetonitrile (1 mL, 15.9 mmol) was added to a suspension 
15 solution of l-(2-pynpolidinone)carbodithioic acid (0.97 g, 6.02 mmol) and 
potassium carbonate (0.84g, 6.09mmol) in acetonitrile (10 mL) at room 
texriperature. The resulting mixture was stirred at room temperature for 18 hours. 
Water (25 mL) was added, tiien extracted with ethyl acetate (3x20 mL). The 
combined organic layn was dried over anhydrous sodium sulfate. After removal 
20 of solvent, ttie residue was subjected to cohuim chromatogn^hy (Kieselgel-60, 
70-230 mesh) using ethyl acetate/h-hexane 1:4 as eluent. The titie compound, 
^anomethyl H2-pynolidmone)caibodithioate (0.74 g, 65.5% yield) was obtained 
as a yellow solid, m.p. 65-66'*C. iR-nmr (CDa3) 5 2.20 (ddt, 2H), 2.80 (t. 2H), 
4.00 (s, 2H) and 4^ (dd, 2H). 

25 

Procedure 4 

Pr^aration ofN,N'DieOtyl S-(2''e&ioxycarbonylprop'2'yl) dithiocarbamaie (69) 

The title compound was prepared according to T. Otsu, T. Matsunaga, 
T. Doi and A. Matsumoto, Eun Polynu J. 31, 67-78 (1995). 

30 

Examples 6-11 illustrate the syntiiesis of thiocaibonylthio compounds 
with an a-oxygen substituent (xanthale esters formula 2 D=D2, E=E2) 
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Ph COgEt 
S— c—CHg s— C— CH3 

O— Et . - 0 — Et 

(70) (71) 

D = D2, R =l-phenylethyl D = D2, R=2-(ethoxycarbonyl)prop-2-yl 

5 E«E2,G'«ethyl E ssE2;G* = ethyl 

r 

C— CH3 
S=C^ CH3 

O — El 
(72) 

D B D2, Rs2-cyanoFr(^2-yl 
E =E2;G'=ethyl 



10 



15 



20 





(73) (74) 
D=:D2,R=cyiiaomethyl DBD2,RsbeDzyl 
Es E2. G* B etbyl E «E2: G' ephenyl 



D = D2,R = beiizyl 

E s E2; G' s pentafluoropheDyl 



FrocedunS 



Pr^anOion ofO^yl S^l^phenyleAyl) xanihate (70) 

A solution of l-(bromoeti[iyl)benzene (3.7 g) and potassium O-etfayl 
ditbiocaxbonate (3.2 g) in ethanol (SO mL) was stirred at room temperature for 16 
25 hours. The reaction was diluted with water (50 mL) and the organics extracted 
with n-hexane. The combined organic layers were washed with wat^, brine and 
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dried over magnesium sulfate. The solvent was evaporated and the title 
conq)Ound was obtained as a yellow oil (4.4 g« 97%). 



ExampU? 

5 Preparation ofO-ethyl S''(2'(elhoxycarhonyl)prop''2'ylj xanihate (71) 

A solution of 2-hroinoisobutyrate (19.5 g) and potassium O-ethyl 
dithiocarbonate (1 6.0 g) in ethanol (200 mL) were allowed to stir at room 
tenq>a:ature for 20 hours and then at SO^'C for 16 hours. The reaction was diluted 
wifli water (200 inL) and the oxganics extracted with n-hexane. The combined 
10 organic layers were washed with water, brine and dried over anhydrous sodhim 
sulfate. The solvent was evaporated and the residue purified by column 
chromatogr^hy (Alumina oxide 90 70-230 mesh, Activity H-III) elutmg with 1:9 
diethyl ethenn-bexane to afford the title compound as a yellow oil (40% yield). 

IS Examples 

Preparation of O-^hyl S^CZ^anoprop^l^yl) xantiuUe (72) from potassium O- 
ethyl ditiiiocarhonate 

A solution of bromoisobutyronitrile (10 g) and potassium O-ethyl 
dithiocarbonate (10.84 g) in ethanol (280 g) were heated at 40**C with stirring for 

20 40 hours. The mixture was then allowed to stir for 12 days at room temperature. 
The reaction mixture was diluted with water (400 mL) and the organics extracted 
with n-hexane. The combined organic layers were washed with water, brine and 
dried over magnesium sulfate. The solvent was evaporated and the residue 
purified by colunm chromatography (Alumina oxide 90 70-230 mesh, Activity 

25 m) eluting with a gradient of 1 :9 diethyl ether hexane to 1 :4 diethyl ether. 

Example 9 

Preparation of O-ethyl S'(2^anoprop-2^yl) xanihate (72) from O-ethyl 
xantiiogen disulfide 

30 O-ethyl xanthogen disulfide was prepared by oxidizing an aqueous 

solution of potassium O-ethyl dithiocarbonate with I2/KI (10%) solution. 



40 



wo 9973 1 144 PCTAJS98/26428 
• ■ A solution of 0-ethyl xanthogen disulfide (2. 1 6 g, 8.92 mmol) and 2, 

2'-azobis(isobutyronitrile) (2.19 g, 13.35mmol) in ethyl acetate (30mL) was 
prepared The mixture was heated at reflux for 16 hours. The volatiles were 
removed under reduced pressure and the residue chromatographed usmg a mixture 
5 of ethyl acetate:petroIeum spirits (3:47) as eluent to isolate the title compound 
(3.17 g. 94%). iR-nmr (CDCI3) 5 1^2 (t. 3H); 1.75 (s, 6H) and 4.75 (q. 2H), 
13x:-nmr (CaDQa) 5 13.4; 27^; 40.8; 70.6; 121 .1 and 208.2. 

Example 10 

10 PrepanUion ofO^ethyl S-cyanomethyl xanthate (73) 

A solution of bromoacetonitrile (12.4 g) and potassium Oethyl 
dithiocaibonate (16.0 g) in ethanol (200 mL) were allowed to stir at room 
tenqpeiature for 16 hours. The reaction was diluted with water (100 mL) and the 
organics extracted with diethyl ether. The combined oiganic layers were washed 

15 twice widiwat^, then brine and dried ov^ anhydrous magnesium sulfate. The 
solvent was evsqporated and the residue purified by column chromatography 
(^ica-gel 60, 70-230 medi) eluting with 4:6 ethyl acetate : petroleum spirit 40- 
60'*C to afford the title compound as a yellow oil (14.6g, 90.7%). ^ H-nmr 
(C35C13) S 1 .48 (t, 3H); 3.88 (s. 2H); 4.72 (q, 2H). ISc-nmr (CDCI3) 6 13.7 . 213 

20 ,71.5.115.7.209.2. 

Exampkll 

Preparation ofO^phenyl S'benzyl xanthate (74) 

Benzyl mercaptan (1.24 g, 10 mmol) was added to an aqueous (20 mL) 
25 solution of NaOH (0.8 g, 20 mmol) at room temperature and stirred for 15 

minutes. Phenyl duonochloroformate (2.07g, 12mmol) was next added dropwise 
to this solution at the same temperature and stirred for a further 2 hours. Diethyl 
ether (20mL) and water (50mL) was added and the organic layer separated. The 
aqueous layer was extracted with diethyl ether (3x20mL). The combined organic 
30 fractions were dried witii Na2S04, filtered, the solvent removed and the crude 
product chromatographed (using silica gel, 2% ethyl acetate in petroleum spirits) 
to afford the title compound (1 .95 g. 75%) as a yellow oil. ^H-nmr (CDQs) 5 
4.43(2H). 7.10-7.50 (lOH). 13c-nmr ((HJOb) 541.7, 122.1, 126.7, 127.8, 128.8, 
129.3, 129.6. 135.1, 154.0, 213.0. 
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Example 12 

Prqforadon ofO'pentafluorophenyl S-benzyl xanAate (75) 

Thiophosgene (1,93 g, 16.6 mmol) in CHGI3 (10 mL) at 0 was 
5 treated dropwise with pentafluorophenol in 5%NaOH (15mL) cooled to 0-10 ""C. 
The solution was stirred for I hour at the same temperature, the CHCI3 layer 
separated and washed with 5% NaOH (10 mL), 5%Ha (10 mL) and H2O (lOmL). 
The organic portions were combined, dried with MgSOiu filtered and the solvent 
removed to obtain the perfluorophenyl chloroformate (3.76 g). 
10 Benzyl merc^tan (1.24g, lOmmol) was added to 0.8g of NaOH 

dissolved in 20 mL of H2O and allowed to stir for 10 minutes. The crude 
chloroformate (2.63g, 1 Ommol) was added to the solution and stirred for 2 hours. 
The aqueous sohition was extracted wifli diethyl eflier (3x30 mL), organic portions 
combined, dried widi Na2S04 filtered and the solvent removed. The residue was 
IS chromatographed witti 2% ethylacetate in petroleum ^irits to affozxl the product 



(890mg.25%). ^H-nmr (CDCI3) 5 4.5 (2H), 7.3 (5H). ISc-nmr (0003)8 42.9, 
128.2, 128.9, 129.2. 134.0. ^'F-nmr (GDQs) 5 -162 J4 (2F. t). -156.94 (IF, t), - 
151.51 (2F,d). 



20 



Examples 13 and 14 illustrate the synthesis of vinylogous 
dithiocompounds (formula 2 D^Dl) 




1 CH2Ph 



SCH2Ph 



SCHaPh 



(30) 

D=Dl,R=benzyl 

X=niethme 

Z*. E s neopentylene 



D = D1,R = benzyl 
X=metfaine 
Z' sb^nzyltfaio 
E . Z' s benzyltfaio 



(76) 
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Preparation of3'Ben:^Uhio-S,S^imethylcyclohex^2^ene'I'thione (30). 




5,5-Dime&syU3-piperuMylHychhex-2'en-l'One. Piperidipe C7.0 mL; 

5 0.0713 mol) and a catalytic quantity of p-toluenesulfonic acid xnonohydrate was 
added to a solution of S,S-dimediylcycloh»ane-13-dione (10.0g; 0.0713mol) in 
benzene (100 mL) and the resultant solution was heated at reflux. After 3 hours 
further piperidine (0.71 mL; 7.13 mmol) was added and the solution was allowed 
to reflux for a further 16 hours. The reaction mixture was cooled to room 

10 temperature and washed with 10% NaHCOs solution (20mL), dried over 
anhydrous sodium sulfate and the solvent evaporated (in vacuo ) to leave an 
orange crystalline solid. (14.23 g, 96%). iH-nmr (CDOs) d: 5.3, (s IH, H-2), 
3.4-3.2 (m. 4H, H-2'. 2.2 (s. 2H, H-6), 2.1 ( s, 2a H^). 1.75-1.4 (m, 6H. H- 
3\ H-4'. H-S'), 1.00 (s. 6H, 2xCH3). 

15 5»5-DimeAyl-3'piperidinyl'Cyclohex-2'ene'l-thione. The compound 

was prepared.according to the procedure of Walter, W. and ProU [Walter, W. and 
Proll,T.,5;yntfiej£^, 941-2 (1979)]. To a solution of the above enamme (l.Og; 
4.82 mmol) in anhydrous DME (lOmL), was added Lawesson's reagent (L04g; 
2 J7nunol) over 20 min. at room temperature and under argon. The resulting 

20 suspension was stirred at room temperature for 2 hours. The mixture was added 
to ice water (lOmL) and extracted with CH2CI2 (3x20 mL). The combined 
extracts were dried over anhydrous sodium sulfate and the solvent evaporated in 
vacuo to leave an orange solid. The crude solid was chromatographed on a 
mixture of silica gel and basic alumina (1: 1) using chloroform as eluent The tide 
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compound was obtained as an orange solid (1.1 g, 100%). iH-nmr (CDCI3) d: 
6.75 (S,1H, H-2), 3.6-3.4 (m, 4H, H-2\ H-ff). 2.65 (s, 2H. H-6) 2.2 ( s, 2H, H-4), 
1.75-1.5 (m. 6H, H-3\ H-4\ H-5'). 1.00 (s. 6H. 2xCH3). 

3-BenzylthiO'5,5-dimethylcyclohex-2'ene-l'thione^ The compound 
5 was prepared according to the procedure of Timokhina et al [Tunokhina, L.V. et 
al, Zh. Org. Khim., 14, 2226-7 (1978)]. To a cold (OX) solution of the above 
enaminothione (0.50 g, 2.24 mmol) in anhydrous DMF (5 mL), was added benzyl 
chloride (0.35 g, 2.7 mmol) over 30 min. under Argon. The mixture was allowed 
to warm to room temperature and stirred for a further 2 hours. The mixture was 

10 cooled to -SO'^C (dry ice/ benzyl acetate) and anhydrous H2S (g) was passed 
tfirou^ the solution for 2 hours. The red solution was poured into ice water 
(lOmL) and extracted with CH2CI2 (2x20 mL). The combined extracts were 
dried over anhydrous sodium sulfate and the solvent removed in vacuo to give a 
purple on (0.52 g. 89%). iH-ranr (0)03) d: 7.4-7.1 (m, 5H, ArH) 6.9 (s ,1H, H- 

15 2), 4.15 (s. 2H, SC3i2Ph) 2.8 (s. 2H, H-6). 2.25 (s, 2H, H-4) 1.00 (s, 6H. 2xCH3) 

Example 14 

Freparation of benzyl 3,3^(benzyWtto)prop^2'enediauoate (76). 

Carbon disulfide (0.76 g, lOmmol) was added dropwise to methyl 

20 magnesium chloride (1.67 mL, 5 mmol, 3M solution in diethyl ether) in THF (3.5 
mL) at room temperature. After 2 hours, the solution was cooled to -78°C (dry 
ice/acetone) and lithium di-isopropylamide (lOmmol, 6.67 mL of 1.5 M solution 
in hexane) was added over 30 minutes. The solution was stirred at -78**G for 45 
namutes,then at room temperature for a further 30 minutes before benzyl bromide 

25 (1.89 g, 15 nraiol) was added. The solution was warmed to 40°C for 2 hours and 
stirred overnight at room temperature. A 5% solution of NaHCOs (30 noL), 
followed by 20mL of diethyl ether was added to the mixture and the organic layer 
separated. The aqueous layer was extracted with diethyl ether (3 x 20 mL), the 
organic layers combined, dried over MgS04, filtered and the solvent evaporated. 

30 The residue was chromatographed on silica gel (5% ethyl acetate in petroleum 
spirits) to affcMrd the product (0.63 g, 29% yield) as an orange solid. ^H-nmr 
(CDOs) S 4.19. 4.30. 4.42 (6H. s, CH2Ph). 7.05 (IH, CH), 7.35 (15H, ArH). 
13c.nmr (CDCI3) 5 37.6. 39.6, 39.9, 124.4 (CH), 124.4, 127.4, 127.7. 128.2, 
128.5. 128.7. 129.0, 129.2. 129.3. 133.8, 135.4, 136.2. 159.1,209.4. m/z: AP+ 

35 439 (M+1), AP- 438 (M-1). 
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The following examples demonstrate the application of the dithio- 
compounds with an a-nitrogen substituent which is an electron 
withdrawing/conjugating group to the synthesis of narrow polydispersity 
polymers. 

5 Examples 15-19 

Styrene polymeriziotions in the presence of a-nitrogen ditkio-compaunds 

Thermal polymerizadons of styrene were carried out m the presence of 
benzyl 1-pyirolecarbodithioate (60), benzyl l"(2-pyrrolicfinone)carbodithioate 
(6i), and benzyl (I^-benzenedicarboximido)carbodithioate (62). 
10 Freshly distilled styrene (1 mL) was added to six separate ampoules 

containing the required amount of dithiocaibamate (see Table 1). The contents of 
ampoules were degassed, sealed and heated at 1 lO^C for 16 hours. After removal 
of the volatilest the residue was analyzed by GPC. 

IS Table 1 : Molecular weight and conversion data for polystyrene prepared in the 

presence of dithiocarbamatcs (60-62) at 1 10*^0. 



Example 


Dithio 
comnoDnd 


Difliio (mg) 


Mn 




%Conv. 


15 


(60) 


6.92 


30674 


1.18 


58 


16 


(60) 


13.75 


16018 


1.18 


59 


17 


(61) 


7.42 


40515 


1.63 


57 


18 


(61) 


14.82 


22510 


1.58 


57 


19 


(62) 


9.07 


23480 


1.10 


51 



Example 20 



Methyl acrylate polymerization in the presence of a low concentration of benzyl 
I'-pyrrolecarbodithioate (60). 

20 A stock solution of the dithiocarbamate (60) (8.6 mg), 2,2*- 

azobis(isobutyronitrile) (3.0mg) and mediyl acrylate (5mL) in benzene (20mL) 
was prepared. Three SmL aliquots of this solution were transferred to ampoules 
which were degassed, sealed and heated at SO^'C for 1, 8 and 16 hours 
respectively. The resulting polymers were analyzed by GPC after the removal of 

25 excess monomer and solvent 
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Table 2: Molecular weight and conversion data for polymerization of 
methyl acrylate in the presence of benzyl l-pyrrolecarbodithioate (60) (8.6 mg) 
with 2,2*-azobis(isobutyronitrile) as initiator at 60''C. 



20 



Entry 


Time/hr 




Mw/Mn 


% Conv. 


1 


1 


37257 


• 1.18 


31 


2 


8 


97127 


1.37 


89 


3 


16 


110906 


1.36 


91 



ExampIeZl 

Methyl actylate polymerization in the presence of a high concentration of 
benzyl 1-pyrrolecarboditittoate (60). 

A solution of the dithiocaibamate (60) (86.0 mg). 2;i*-azobis(isobutyronitrile) 
) (3.0 xng) and methyl acrylate (5 mL) m benzene (20 mL) was piepared. Three 5mL 
aliquots of this solution were transfened to ampoules, degassed, sealed and heated 
at eO^'C for 4, 8 and 16 houis respectively. The resulting polymers were analysed 
by GPC after the removal of excess monomer and solvent 

15 Table 3: Molecular weight and conversion data for polymerization of methyl 
acrylate in the presence of benzyl l-pyrrolecarbodithioate (60) (86.0 mg) with 



Entry 


TimeAir 


M„ 




%Conv. 


1 


4 


3381 


1J6 


22 


2 


8 


5952 


1.22 


47 


3 


16 


8762 


1.17 


74 



The presrace of the end groups (pyrrole and benzyl) was confirmed by 1h NMR. 



Exan^les 22, 23 

Methyl acrylate polymerization in the presence of benzyl l^-il-pyrrolidinoney 
carbodithioate (61) and benzyl (l,2'benzenedicarboximido)carbodithioate (62) 

A stock solution comprising of 2,2'-azobis(isobutyronitrile) (2.30 mg) in benzene 
25 (25 mL) was prepared. Aliquots (6.0 mL) were transferred into two separate 
ampoules already containing methyl acrylate (4.0 mL) and the dithiocaibamate 
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• [4.63 mg for (61); 5.20 mg for (62)]. The contents of both ampoules were 

degassed, sealed and heated at 60 ""C for 16 bours.The results are listed in Table 4. 



Table 4: Molecular weight and conversion data for poIy(methyl acrylate) prepared 
5 in the presence of (61) and (62) at 60 '^C. 



Example 


DidiioestBr 


Dithio(ixig) 


Mn 


Mw/Mn 


%Conv. 


22 


(61) 


4.63 


161800 


121 


89 


23 


(62) 


5.20 


59800 


1.52' 


48 



a) Bimodal molecular weight distribudon. 



Example 24 



Methyl acrylate polymerization in the presence of l-cyanoprop-Z-yl i* 
10 pyrrolecarbodiffiioate (63). 

A solution of die dithiocarbamate (63) (8.95 mg), 2,2*- 
azobi5(isobutyronitrile) (3.1mg) and methy] acrylate (5mL) in benzene (20niL) 
was prepared. Three 5niL aliquots of this solution were transferred to ampoules, 
degassed, sealed and heated at 60^C for 1, 4 and 16 hours respectively. The 
15 resulting polymm were analysed by GPC ato fbt removal of excess monomer 
and solvent 



Table 5: Molecular weight and conversion data for polymerization of methyl 
acrylate in the presence of 2-cyanoprop-2-yl 1-pyrrolecaibodithioate (63) with 
20 : 



IBxary 


TimeAir 


Mn 




%Conv. 


1 


• 1 


30308 


1.11 


20 


2 


4 


82255 


1.13 


56 


3 


16 


131558 


1.40 


91 
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10 



MeOiyl acrylate polymenzfl&dn in the presence of benzyl l-imidazok 
eariodithioate (65). 

A solution of the dithiocarbamate (65) (8.6 xng), 2»2*- 
azobis(isobuQnronitrile) (2.7mg) and methyl acrylate (SinL) in benzene (20mL) 
was piiq>ared. Three SmL aliquots of this solution were transfrared to ampoules^ 
degassed, sealed and heated at 60*^0 for 1» 4 and 16 hours respectively. The 
resulting polymers were analysed by GPC after the removal of excess monomer 
and solvit 

Table 6: Molecular weight and conversion data for polymerization of methyl 
aaylate in the presence of benzyl 1-imidazole carbodithioate (65) (8.6 mg) using 



Entry 


Time/hr 


Mn 


Mw/Mn 


%Conv. 


1 


1 


22189 


1.13 


16 


2 


4 


82574 


1.14 


66 


3 


16 


107077 


1.34 


97 



15 Exim^le26 

Methyl methacrylate polymerization in Oie presence of 2'^anoprop'2'yl J- 
pyrrolecarbodUhioate (63). 

A solution of the dithiocarbamate (63) (10.4 mg), 2,2*- 
azobis(isobutyronitrile) (lO.lmg) and methyl methacrylate (7.55mL) in benzene 
20 (2^mL) was prepared. Four 2mL aliquots of this solution were transferred to 
ampoules, degassed, sealed and heated at eO^'C for 1, 4, 8 and 16 hours 
respectively. The resulting polymers were analysed by GPC after the removal of 
excess monomer and solvent 
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Table 7: Molecular weight and conversion data for polymerization of methyl 
methacrylate with 2-cyanoprop-2-yl 1-pyrrolecarbodithioate (63) using 2,2'- 



Entiy 


Hme/hr 


Mn 


Mw/Mn 


% Conv. 


1 


1 


42450 


1.70 


16 


'2 


4 


64025 


1.50 


51 


3 


8 


114561 


1.26 


>95 


4 


16 


117418 


1.27 


>95 



5 Example 27 

Methyl methacrylate polymerization in the presence of l^yanohat-Z-yl I- 
pyrrolecarbodithioate (64). 



A solution of the CTA (64) (24.97 mg), 2^'-azobis(2-cyanobutane) 
10 (1 L7mg) and methyl methacrylate (7.5mL) in benzene (2J5mL) was prepared. 
Four 2mL aliquots of this solution were transferred to ampoules, degassed, sealed 
and heated at 60**C for 2, 4, 8 and 16 hours respectively. The resulting polym^s 
were analysed by GPC after the removal of excess monomer and solvent 



IS Table 8: Molecular weight and conversion data for polymerization of metfiyl 
methacrylate in the presence of 2-cyanobut-2-yl 1-pyrrolecaiboditibioate (64) witti 



2,2'>a2obis(2>cyanobutane) as mitiator at 60°C. 



Entry 


Hme/hr 




Mw/Mn 


%Coav. 


1 


2 


19372 


1.58 


21 


2 


4 


28752 


1.44 


52 


3 


8 


35888 


1.30 


65 


4 


16 


57378 


1.21 


99 



The following example illustrates the effectiveness of a 
20 didiiocatfoamate with an a-nitrogen substituent which is a enable of delocalising 
the nitrogen lone pair in controlling polydispersity of poly(methyl methacrylate). 
A control experiment carried out with N J4-dimethyl-S-(2"Cyanoprop-2-yl) 
dithiocaibamate (66) shows that dithiocaibamates with simple alkyl substituents 
are not effective in controlling molecular weight or polydispersity. 
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Methyl methacrylate polymerization n the presence of l-cyanoprop-l^yUU 
pyrroleearbodUhibat€(63) or N,N'»dmethyUS''(2'Cyanoprop'2^yl) 
diMacarbamate (66) 

5 Stock solutions. I comprising 2,2*-a2obis(isobutyronitrile) (24.09mg) 

in 5xnL of benzene, n comprising NJN[-dimethyl-S-(2-cyanoprop-2-yl) 
dithiocarbamate (66) (5.61mg) in 2mL of MMA and EI comprising 2-cyanoprop- 
2-yH-pyrrolecarbodithioate (63) (15.67nig) in 5mL of MMA were pr^aied. 
Four O.SmL aliquots of stock solution I were transferred to four ampoules. An 

10 aliquot of 1.5mL of stock solution n was transferred to one of the above ampoules 
which was degassed, sealed and heated at 60^*0 for 8 hours. Three 1 .5mL aliquots 
of stock solution HI were transferred to the three remaining ampoules which were 
degassed, sealed and heated at eO^'C for 2, 8, 16 hours. Tht respective polymers 
were analysed by GPC after removal of excess monomer. 

15 



Table 9: Molecular weight and conversion data for poly(methyl methacrylate) 
prepared in fee presence of dithiocarbamate derivatives at 60°C. 



Entry 


Dithio compound 


TmKslbr 


Mn 




% Conv. 


1 


(66) 


8 


312462 


1.94 


>95 


2 


(63) 


2 


22758 


1.54 


33.2 


3 


(63) 


8 


48 257 


1.25 


92.3 


4 


(63) 


16 


51474 


1.19 


>95 



The following example illustrates the effectiveness of a 
20 dithiocarbamate with an a-nitrogen substituent which is a capable of delocalizing 
the nitrogen lone pair in controlling polydispersity of polystyrene. A control 
experiment carried out with N J^-diethyl S-benzyl dithiocarbamate (67) shows that 
dithiocarbamates with simple alkyl substituents are not effective in controlling 
molecular weight or polydispersity. 

25 Bxan^U29 

Styrene polymerization using benzyUl^pyrrolecarbodithioate (60) andN^N^ 
diethyl S-benzyl dithiocarbamate (67) 

Solutions I of benzyH-pyrrolecaibodithioate (60) (55.4mg) in 8mL of 
styrene and n of NJI-diethyl S-ben2yl dithiocarbamate (67) (14.2mg) in 2mL of 
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styrene were prepared. 2mL aliquots of the solution I were transferred to each of 
three ampoules which were degassed, sealed and heated at lOO^'C for 1, 6 and 30 
hours. Solution n was placed m an ampoule, degassed, sealed and heated at 
100°C for 6 hours. The respective polymers were analyzed by GPC after removal 

S of excess monomer. 

Table 10: Molecular wei^t and conversion data for polystyrene prepared in the 



presence of dithiocompounds (60 & 67) at 10Q°C. 



Entiy 


Xanthates 


Thnc/hr 


Mn 


Mw/Mji 


% 
Qjnv. 


5 


(67) 


6 


317 114 


1.86 


15.3 


6 


. (60) 


1 


3 844 


, 1.63 


2.9 


7 


(60) 


6 


6478 


1.46 


10.2 


8 


(60) 


30 


15 605 


1.20 


59.6 



10 The following example shows that dithiocaibamates with shx^rle alkyl 

substiturats are effective in controlling molecular weight and polydispersity of 
poly(vinyl acetate). 

Example 30 

15 Preparation of narrow polydispersity poly(vinyl acetate) in the presence 

of NJ4-diethyl S-{2-cthoxycaibonylprop-2-yl) dithiocarbamate (69) 
A stock solution comprising of 1,1 '-azobis(cyclohexanecarbonitrile) (2.26 mg), 
vinyl acetate (10 mL) and NJ^-diethyl S-(2-ethoxycarbonylprop-2-yI) 
dithiocarbamate (69) (231.53 mg) was prepared. Aliquots (2 roL) of tiiis stock 

20 solution were then transferred to alimonies. The contents of ampoules were 

degassed* sealed and heated at 100 "C for specified time. Results are summarized 
in Table 11. 

Table 1 1 : Molecular wei^t and conversion data for poly (vinyl acetate) in the 
25 presence of N^-diethyl S-(2-ethoxycarbonylprop-2-yl) dithiocarbamate (69) at 
lOO^^C. 
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Entiy 


Reaction time (hr) 


Mn 


Mw/Mn 


% Conversion 


1 


1 


4500 


1.64 


8.4 


2 


2 


6150 


1.61 


32.4 


3 


4 


9500 


• 1.47 


68.0 


4 


16 


10550 


1.43 


76.5 



The following examples relate to the measurement of transfer constants 
of xantfaate derivatives in polymwizations of n-butyl acrylate (example 31), t-buQrl 
S acrylate (exanqiles 32, 33) and methyl methacrylate (examples 34) « The 
magnitude of the transfer constants show that it should be possible to achieve 
narrow polydisposities (<1.5) in feed polymerization processes in polymerizations 
of aciylate estra. 

Example 31 

10 Pnparation of polyin^butyl acrylate) in (he presence of O'-ethyl S-fi- 
phenylethyl) xanihate (70). 

A stodc solution comprising of 2,2'-azobis(isobutyronitrile) (13,4 mg) 
in benzene (50 mL) was pr^ared. Aliquots (2 mL) of this stock solution were 
then transferred to four separate ampoules containing n-butyl acrylate (4 mL), 
15 benzene (4 mL) and 0-ethylS-(l-phenylethyI)xanthate. The contents of 

anq)Oules were degassed, sealed and heated at 60 °C for one hour. The results are 
summarized in the following Table. 

Table 12: Molecular weight and conversion data for poly(n-butyl acrylate) in the 



Entry 


[CTA]/[MMA] 


Mn 


Mw/Mq 


% Conversion 


1 


0 


1027396 


1.78 


29 


2 


0.00081 


70196 


1.85 


11 


3 


0.00166 


40555 


1.77 


16 


4 


0.00325 


19411 


1.87 


12 



Analysis of the data via a Mayo plot shows that the transfer constant of 
0-e1hyl S-(l-phMiylethyl) xanthate in n-butyl aaylate polymaization is 2.0. 
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Preparation ofpoly(Ubutyl acrylate) in the presence of O-pentafluoraphenyl S- 
benzyl xanAate (75) 

Aliquots (2inL) of a solution of 2,2*-a2obis(isobutyromtrile) (13.4 mg) 
5 in benzene (43.7 g, SO niL) weie added to each of four ampoules containing t-butyl 
aoylate (4 mL), benzene (4 voL) and the required amount of O-pentafluorophenyl 
S-benzyl xanthate (75). The ampoules were degassed, sealed and heated at 60 ""C 
for 60 minutes. Results are smnmarized in the following Table. 

10 Table 13: Molecular weight and conversion data for poly(t-butyl acrylate) in fhe 
presence of O-pentafluorophenyl S>benzyl xanthate (75) at SO^'C? 



Entry 


[CIA} 
(moVL) 


[CrAl/[M] 


Mn . 




Conv.(%) 


1 


0 


0 


1467774 


1.68 


45.1 


2 


2.886e-3 


1.057e-3 


. 42024 


1.83 


26.5 


3 


5.247e-3 


1.922e-3 


22214 


1.83 


24.1 


4 


1.140e-2 


4.176e-3 


10850 


1.76 


16.0 



•[AIBN] = 3^73e-4 M. [t-butyl aciy late] = 2.73 M at 25*C 

Analysis of fte data via a Mayo plot shows that the transfer constant of 
O-pentafluorophenyl 5-benzyl xanthate in t-butyl acrylate polymerization is 2.7. 

15 

Example 33 * 

Preparation of poly(t'butyl acrylate) in the presence of O^Oiyl S-iZ-^anoprop'^ 
Z^yl) xanthate (72) 

Aliquots (2mL) of a solution of 2;Z'"azobis(isobutyronitrile) (13.5 mg) 
20 in benzene (43.6 g, 50 mL) were added to each of four ampoules contauiing t- 
butyl acrylate (4 mL), benzene (4 mL) and the required amount of 0-eftyl S-(2- 
cyanoprpp-2-yI) xanthate (72). The ampoules were degassed, sealed and heated at 
60 for 60 minutes. Results are sununarized in the following Table. 

25 Table 14: Molecular weight and conversion data for poly(t-butyl acrylate) in the 
presence of 0-ethyl S-(2-cyanoprop-2-yl) xanthate (72) at 60''C°. 
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Entiy [CTA] [CTA]/[M] Mn Mw/Mn- Conv.(%) 



(mol/L) 



1 


0 


0 


1790182 


1.52 


38.9 


2 


2.916e-3 


1.068e-3 


18775 


1.81 


7.68 


3 


S.320e-3 


1.948e-3 


9438 


1.81 


5.13 


4 


1.053e-2 


3.856e-3 


4611 


1.80 


4.26 



tAIBN] « 3J2&3tA M, [l-butyl aciylate] = 2J3 M at 25**C 



Analysis of the data via a Mayo plot shows that the transfer constant of 
5 Oethyl S-(2-cyanoprop-2-yl)xanttiate in t-butyl acrylate polymerization is 7.2S. 

Example 34 

Preparation of poly(methyl me&acrylate) in the presence of Diethyl 
cyanaprop^Z^yl) xanOuUe (72) 

AUquots (SniL) of a solution of azobis(isobutyronitrile) (50.3 mg) in 
10 meliiyl methacrylate (23.4g, 25 voL) were added to each of four ampoules 

containing the required amount of O-cthyl S-(2-cyanoprop-2-yl) xanthate (72). 
The ampoules were degassed, sealed and heated at 60 °C for 60 minutes. Results 
are sununarized m the foUowing Table. 



15 Table 15: Molecular weight and conversion date for poly(methyl methacrylate) 



prepared in the presence of O-ethyl S-(2-cyanoprop>2-vl) xanthate (72). 



Entry 


ICTA]/IMMA1 


M„ 


Mw^n 


% Conversion 


1 


0 


316205 


2.20 


13.6 


2 


0.00073 


278090 


2.13 


13^ 


3 


0.00176 


255183 


1.94 


13.8 


4 


0.00303 


233881 


1.83 


153 



'[AIBN] = 1.225e-2 M, [methyl methaciylatel = 9.35 M at 25°C 



Analysis of the data via a Mayo plot shows that the transfer constant of 
20 Oediyl S-(2-cyanoi»op-2-yI)xantfiate in me&yl methacrylate polymerization is 
ca. 0.04. 
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The following example shows that it is possible to use xanthate esters 
to control the molecular weight and polydi^ersity of polymer formed in 
miniemulsion polymerization. 

Example 35 

5 Preparation of polystyrene via miniemulsion polymerization widi O^thyl 5-<2» 
phenylethyl) xanthate (70) at TO'^C 

A 5-neck reaction vessel fitted with a stirrer, condenser and 
tfaennocouple was charged with water (75 g) and sodium dodecyl sulfate (2152 
mg), cetyl alcohol (53 mg)» sodium bicarbonate (16.7 mg). Tlie mixture was tiien 
10 homogenized for 10 minutes. Styrene (18.84 g) was added and the mixture 

homogenized for a furdier 5 minutes. The reaction mixture was stirred (300 rpm) 
for 40 miftutes while the temperature was raised to 70 ''C. 0-ethyl S-(l- 
phenylethyl) xanthate (87 mg) and 2^ -azobis(2-cyano-2-butane) (40.7 mg) were 
then added. 

15 

Table 16: Molecular weight and conversion data for polystyrene prepared witfi O- 



ettiyl S-(l-phenylethyl) xanthate (70) by mini-emulsion polymerization at 70°C. 





Reaction time 
/min 


Mn 


Mw/Mn 


% Convasion 


control' 


60 


930564 


6.98 


13 


Ex 35 


60 


84740 


1.4 


11 



^10 xanthate 



20 The following examples show that it is possible to use xanthate esters 

to control the molecular weight and polydispersity of vinyl ester polymers (e.g. 
vinyl benzoate, vinyl acetate). 

Example 36 

Preparation of poly(vinyl benzpate) in the presence of Diethyl S''(2'-cyanoprop' 
25 Z-yl) xanthate (72) at ISO^'C 

A solution of azobi5(isobutyronitrile) (0.14 mL of 1% solotion in vinyl 
benzoate) and O-ethyl S-(2-cyanoprop-2-yl) xanthate (72) (43^ mg) in vinyl 
benzoate (3 g) was transferred to an ampoule which was degassed, sealed and 
heated at 150 for 24 hours. A control prepared similarly contained no 
30 xanthate. Results are summarized in the following Table. 
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Table 17: Molecular weight and conversion data for poly(vinyl benzoate) in the 
presence of O-ethyl S-(2-cyanoprop-2-yl) xanthate (72) at 1S0°C. 



Example Reaction time (hr) 


Mn Mw/Mn 


% Conversion 


control' 24 


381980 2.07 


88 


Ex 35 24 


9140 1.43 


12 



"no xanthate 



5 Examples? 

Preparation of narrow polydispersity Poly(vinyl acetate) in the presence of O- 
. eikyl S^yanomethyl xanthate (73). 

" A stock solution (I) of l,r-azobis(cycIohexanecarbonitrile) (2.1 1 mg)» 
vinyl acetate (25 mL) in ethyl acetate (25 mL) was prepared. Aliquot (lOnaL) of 
10 solution (J) was transferred to a 10 mL volumetric flask already containing O-ethyl 
S-cyanomethyl xanthate (73) (20.18 mg) for the preparation of stock solution (11). 
Aliquots(2mL)of the stock solution (n) were transferred to ampoules. The 
ampoules were degassed, sealed and heated at 100 for specified time. Results 
are summarized in the followuig Table. 



Table 18: Molecular weight and conversion data for poly(vinyl acetate) in the 
presence of O-etfayl S-cyanomethyl xanthate (73) at lOO'^C. ' 



Entxy 


Reaction time Qir) 


Mn 


Mw/Mn 


% Conversion 


1 


0.5 


1680 


1.44 


3.4 


2 


1.5 


11520 


1.24 


26.6 


3 


4 


20977 


1.39 


59.7 


4 (Control)* 


1.5 


61560 


1.69 


40.1 



* In the absrace of O-ethyl S-cyanomethyl xanthate. 



Example 38 

20 Prqf oration of narrow polydispersity poly(vinyl acetate) in the presence of O' 
eAylS-cyahometkyl xanthate (73). 

A stock solution comprising of l,r-a2obis(cyclohexanecarbonitrile) (4 
mg), vinyl acetate (10 mL) and O-ethyl S-<:yanomethyl xanthate (73) (160.74 mg) 
in ethyl acetate (10 mL) was prepared. Aliquots (4 mL) of this stock solution 
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were transferred to four separate ampoules. The contents of ampoules were 
degassed, sealed and heated at 100 °C for specified time. Results are summarized 
in the following Table. 



5 Table 19: Molecular weight and conversion data for poly(vinyl acetate) in the 
presence of 0-cthyl S-cyanomethyl xanthate (73) at 100°C. 



Entiy 


Reaction time Qir) 


Mn 


Mw/Mn 


% Conversion 


1 


1 


1440 


1^3 


13.2 


2 


2 


4600 


1.16 


40.7 


3 


6 


8420 


1.34 


823 


4 


16 


9095 


1.37 


91.7 



Example39 

Preparation of narrow pofydispersity pofy(vinyl acetate) in the presence of O- 
10 eOiyl S-cyanomeOiyl xanthate (73) 

A stock solution comprising of l,r-azobis(cyclobexanecarbonitrile) 
(2.12 mg). vinyl acetate (10 mL) and O-ethyl S-cyanomethyl xanthate (73) (160.45 
mg) was prepared. Aliquots (2 mL) of diis stock solution were transferred to four 
separate ampoules. The contents of ampoules were degassed, sealed and heated at 
IS 100 ®C for specified time. Results are summarized in the following Table 

Table 20: Molecular weight and conversion data for poly(vinyl acetate) in the 



uresence of O-ethyl S-cyanomethyl xanthate (73) at 100°C 


Entiy 


ReacticHi time 0ir) 


Mn 


MwMn 


% Conversion 


1 


1 


615 


1.34 


7.4 


2 


2 


2280 


1.17 


24.5 


3 


4 


7030 


1.18 


66.3 


4 


16 


10100 


1.31 


78J 
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Preparadon of narrow polydispersity poIy(vinyl acetate) in the presence of 0« 
ethyl S'^(2<yamprop^2'yl) xanthate (72) 

A stock solution comprising of l»r-azobis(cyclohexanecaibonitrile) 
5 (2.10 mg), vinyl acetate (125 mL) and 0-ethyl S-(2-cyahoprop-2-yl) xanthate (72) 
(23.65 mg) in ethyl acetate (12.5 mL) was prepared Aliquots (2 mL) of the stock 
solution were transferred to ampoules. Hie contents of ampoules were degassed, 
sealed and heated at 100 °C for specified tune. Results are sunnunarized in the 
following Table. 



Table 21: Molecular weight and conversion data for poly (vinyl acetate) in the 

presence of Oethyl S-(2-cyanopropyl) xanthate (72) at lOO^C. 

Entiy Reaction time (hr) Mn Mw/Mn % Conversion 



1 


0.5 


577 


139 


1.0 


2 


IJS 


3350 


139 


9.0 


3 


4 


19300 


1.53 


66.0 


4 


16 


20750 


1.66 


93.0 



Example 42 

15 Preparation of narrow polydisperdty poly(vinyl acetate) in the presence of O- 
eOiyl S'{2'^hoxycarhonyfyrop'2'yl) xanthate (71) 

A stock solution oonq>rising of l,r-azobis(cyclohexanecaibonitrile) 
(2.1 1 mg), vinyl acetate (25 mL) and ethyl acetate (25 mL) was prepared. An 
aliquot (10 mL) of this solution was transferred to a 10 mL volumetric flask 
20 containing 0-ethyl S-(2-ethoxycarbonylprop-2-yl) xanthate (7 1 ) (29.50 mg) to 
give a stock solution. Aliquots (2 mL) of this stock solution were then transferred 
to each of four ampoules. The contents of ampoules were degassed, sealed and 
heated at 100 ""C for tfie specified time. Results are summarized in the following 
Table. 

25 

Table 22: Molecular weight and conversion data for poly(viny] acetate) in the 
presence of 0-ethyl S-(2-ethoxycarbonylprop-2-yl) xanthate (71) at 100°C. 
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Entry 


Reaction time (hr) 


Mn 


Mw/Mn 


% Conversion 


1 


0,5 


1010 


1.43 


1.0 


2 


1.5 


3170 


1.39 


6.5 


3 


4 


16100 


1.22 


34.0 


4 


8 


20750 


1.52 


65.5 



Example 42 



Pnpara&on of narrow polyeUspersity pofy(vinyl acetate) in the presence of O- 
ethyl S<yanome(hyl xanOutte (73). 

5 "A stock solution coniprising of 2,2*-azobis(isobatyronitrile) (10.09 

mg), vinyl acetate (10 mL) and O-ethyl S-cyanoxnethyl xanthate (73) (160.89 mg) 
was prepared. AUquots (2 inL) of this stock solution were transferred to four 
separate ampoules. The contents of ampoules were degassed, sealed and heated at 
60 ""C for specified time. Results are summarized in the following Table. 

10 



Table 23: Molecular weight and conversion data for poly(vinyl acetate) in the 
presence of O-ethyl S-cyanomethyl xanthate (73) at eO'C. 


Entiy 


Reaction time (hr) 


Mn 


MwMn 


% Conversion 


1 


1 


326 


1.30 


4.2 


2 


2 


517 


1.26 


6.0 


3 


4 


866 


1.30 


9.3 


4 


16 


11670 


134 


91.0 



The following exanq)les show that it is possible to use xanthate esters 
15 to control the molecular weight and polydispersity of aciylate ester polymers 
formed in a batch polymerization process. Hie lowest polydispersity is obtained 
with a xantiiate which has an electron withdrawing substituent on oxygen (E=E2, 
G=pentafluorophenyl). 
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Prepamtion of narrow polydispersity poly(t'butyl acrylate) in Ote presence of 
xanthate esters 

A solution comprising the xanthate ester in t-butyl acrylate (3.34 g) and 
5 ethyl acetate (6,66 g) and 2^'-a2obis(isobutyronitrile) (5.445 x 10"^ M) was 
placed in an ampoule which was degassed, sealed and heated at 60 ""C for 60 
minutes. Results are summarized in the following Table. 

Table 24: Molecular weight and conversion data for poly(t-butyl acrylate) in the 
10 presence of xanthate esters at 60 



Exanq>le 


Xanthate 


[CTA) 


mi 


Mn 




%Conv. 






(mol/L) 


fCTA] 








control 




0 


0 


129174 


3.7 


>99 


43 


(72) 


2.118x10^ 


9.092X lO ' 


11032 


1.77 


71.5 


44 


f75) 


2.148X 10-^ 


9.219x10-'' 


11247 


1.40 


81.3 



Example 45 

Styrene polymerization using O-pent^fluorophenyUS-benzyl xanthate (75) and 
O'-phenyl'S'benzyl xanthate (74) 

15 Solutions I, of 0-pentafluorophenyl-S-ben2yl xanthate (75) (5L36mg) 

in 5mL of styrene, and II, 0-phenyl-S-benzyl xanthate (74) (22.92mg) in 3mL of 
styrene were prq)aiTed. 2mL aliquots of solution I were transferred to each of two 
anqx>ules which were degassed, sealed and heated at 1 1 0°C for 6 and 20 hours. A 
2mL aliquot of Ae solution H was transferred to an ampoule, degassed, sealed and 

20 heated at 1 lO^^C for 6 hours. The respective polymers wm analysed by GPC slter 
removal of excess monomer. 



Table 25: Molecular weight and conversion data for polystyrene prepared in the 
presence of xanthates (75) and (74) at 1 10°C. 



Entry 


Xanthate 


Time/hr 


Mn 


Mw^n 


%Conv. 


1 


(74) 


6 


23 698 


1.60 


24.6 


2 


(75) 


6 


14 097 


1.53 


23.7 


3 


(75) 


20 


18 862 


1.48 


57.9 



25 
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Methyl acrylate polymerization in the presence of O-pentafluorophenyUS' 
benzylxanAate (75) and O-phenyl-^S-benzylxanthate (74) 

Stock solutions I, comprising 2,2*-azobis(isobutyronitrile) (3.75mg) in 
5 25inL of benzene, n, cotnprising O-phenyl-S-benzylxanthate (39.00mg) in 2niL of 
inetbyl acrylate, and m, comprising Opentafluorophenyl-S-benzykanthate 
(78.75ing) in 3mL of methyl acrylatewere prepared. 4mL aliquots of stock 
solution I were transfened to each of three ampoules. A ImL aliquot of stock 
solution n was transferred to one of the above azxrpoules which was degassed, 
10 sealed and heated at 60°C for 4 hours. ImL aliquots of stock solution III woe 
transferred to the two remaining ampoules which were degassed, sealed and 
heated at fiO^'C for 4 and 1 6 hours. The respective polymers were analysed by 
GPC after removal of excess monomer. 

15 Table 26: Molecular weight and conversion data for poly(methyl acrylate) 



prepared in the presence of dithio-compounds at GO^'C. 



Entry 


Dithio compound 


Time/hr Mn 




%Conv. 


1 


(74) 


4 15 450 


1.49 


54.3 


2 


(75) 


4 12 049 


1.47 


48.7 


3 


(75) 


16 14 806 


1.43 


85.6 



The following examples demonstrate the use of vinylogous dithioesters 
in the synthesis of narrow polydispersity polymers. 

20 Example47 

Polymerization of styrene in the presence of 3'BensyUhUhS^ 
dimethylcycloheX'Z^ne^l'thione (30). 

The vinylogous dithioester, 3-BenzyltiWio-5,5-dimethylcyclohex-2-ene- 
1-thione (30) (40.5 mg; 0.154 mmol) was dissolved in styrene (5.0 g) 
25 (concentration of (17) = 0.028M). The solution was equally dispensed into t\yo 
ampoules which were degassed and heated in an oil bath at 1 lO^'C for 6 and 16 
hrs. 

Table 27: Molecular weight and conversion data for polystyrene prepared by 
30 thermal polymerization of styrene in tiie presence of (30) at 1 10 
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Entry 


Time (h) 


Kin 




% conv. 


1 


6 


5528 


1.16 


10.3 


2 


16 


16561 


1.35 


25.1 



Example48 

IhermSal polymerization ofstyrem in Ae presence of (76). 

A stock solution of the CTA (76) (64.1 mg) in styrcne (5 mL) was 
5 prepared. Two2mLa£guotsof this solution were tiansfenxd to ampoule 

were degassed, sealed and heated at 100 ""C for die tunes indicated The volatiles 
were removed under reduced pressure and the residues dried to constant weight 
The polymers were analyzed by GPC. 

10 Table 28: Molecular wei^t and conversion data for polystyrene prepared by 

diermal polymerization of styrene in the presence of (76) at 100 ^C, 

Entry Time (h) H n Rl y^/fSl n % conv. 

1 6 2393 1.23 9.8 

2 64 20982*^ L54 8X7 

* bimodal molecular weight distribution. 



Example 49 

15 Methyl acrylate polymerization in the presence of benzyl 3^ 
(dibenzylAio)propenedithioate (76). 

A solution of the CTA (76) (105 mg). 2,2*^a2obis(isobutyn)nitrile) 
(1.8mg) and methyl acrylate (3mL) in benzene (12mL) was prepared. Two 5mL 
20 aliquots of this solution were transferred to ampoules, degassed, sealed and heated 
at 60*C for 8 and 16 hours respectively. The resulting polymers were analysed by 
GPC after the removal of excess monomer and solvent 

Table 29: Molecular weight and conversion data poIy(methyl acrylate) prepared 
25 in die presence of benzyl 33-(dibenzylfliio)propenediauoate (76) using 2,2'- 
azobis(isobutyronitrile) as mitiator at 60"^ 
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Example 


TimeOi) 


_ Kin 


l5l w^n 


% conv. 


1 


8 


2714 


1.22 


6.2% 


2 


16 


6390 


1.11 


9.6% 



ExampteSO 

MMApofymerizffthn using Z^anoprop-Z-yl^l'pyrroIecarbodiauoate (€3) 

5 Stock solutions I. comprising 2^'-azobis(isobuQrtx>nitrile) (24.03mg) 

in SmL of benzene* and n, comprising 2-cyanoprop-2-yl-l-pyxTolecart>oditfaioate 
. (156.28 mg) in 5mL of MMA were prepared. O.SmL aliquots of stock solution I 
were transferred to each of four ampoules. An aliquot of 1 .5mL of MMA was 
transferred to one of the above ampoules, degassed, sealed and heated at eC'C for 

10 2 hours (control), TTiree 1 .5mL aliquots of stock solution II were transferred to 
the three remaining ampoules, degassed, sealed and heated at 60°C for 2, 4, 8 
hours. HiB respective polymers were analysed by GPC after removal of excess 
monomer. 

IS Table 30: Molecular weight and conversion data for poly(methyl metfaaciylate) 



Enby 


Time/hr 


Mn 




%Conv. 


1» 


2 


274929 


1.67 


23.6 


2 


2 


3986 


135 


26.0 


3 


4 


4992 


128 


53.3 


4 


8 


6717 


1.18 


85.7 



' ContoU no added dithiocaibamate 

The foUowing example illustrates the synthesis of a nairow 
polydispmity block copolym^. 

20 Example 51 

Pnpamtion oflowpolydispersity poly(mefhyl me^acrylate-block'Styrene) 

Poly(methyl methacrylate) (M„ 6,717, MJh/Ln 1.18) was prepared 
under the conditions described in example 49. A stock solution comprising 2,2'- 
azobis(i8obutyronitrile} (4.Smg) m 15mL of styrene was prepared and the 
25 abovementioned poly(methyl methacrylate)(840mg) was dissolved m 12 mL of 
Hds sohition. An aliquot of 1 OmL of the styrene, PMMA and 2,2'- 
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azobis(isobutyronitrile) mixture was transferred to an ampoule, degassed sealed 
and heated at 60°C for 20 hours. The resulting polymer was analyzed by GPC 
after removal of excess monomer. The block copolymer had Mn 25 609, Mw/Mn 
1.15 (conversion 26.8%). 

5 The following example illustrates the synthesis of a narrow 

poly dispersity copolymer. 

Example S2 

Preparation of low polydispersity pofy(t'butyl acrylate-^co^vinyl acetate) 

A stock solution comprising of l,r-a2obis(cyclohexanecarbonitrile) 
10 (2.30 mg), vinyl acetate (9.34 g) and was prepared. An aliquot (400ml) of the 
stock solution was added to an ampoule containing t-butyl acrylate (200ml) and 
O-pentafluorophenyl-S-benzybtanthate (75) (10.2 mg). the ampoule was 
degassed, sealed and heated at 100^*0 for 16 hours. The resulting polymer was 
analysed by GPC after removal of excess monomer. The copolymer had Mn 
15 16517, Mw/Mn 1-31 (conversion 68%). 

The following examples illustrate vmyl acetate polymerization in the 
presence of a conventional chain transfer agent. Polydispersities arc strongly 
dependent on the pardcular chain transfer agent and its concentration. Where 
.chain transfer constants are high (e.g. a with thiol) broad polydispersities arc 
20 obtained. Compare example 42 where narrow polydispersities are retained 
tim>ughout the course of the polymerization to >90% conversion. 

Comparative Example 1 

Polymerization of vinyl acetate in the presence carbon tetrachloride. 

A stock solution of 2,r-azobis(isobutyronitrile) (8.3 mg) in vinyl 
25 acetate (50 mL) was prepared. Aliquots (10 mL) of this solution were transferred 
to ampoules containing various amounts of CCLj as shown in Table. The contents 
of ampoules were degassed, sealed and heated at 60°C for one hour. 

Table 31: Molecular weight and conversion date for poly(vinyl acetate) prepared 
30 in the presence of carbon tetrachloride as chain transfer agent: 
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Entiy 


CCUCg) 


[ccy/rvAc] 


Mn 


Mw/Mn 


%Conv. 


1 (control) 


0 


0 


106350 


1.9 


13.1 


2 


0.16 


0.00958 


9800 


1.8 


9.3 


3 


032 


0.01917 


5200 • 


1.8 


10.5 


4 


0.64 


0.03834 


2600 


1.8 


10.8 



Analysis of the data via a Mayo plot shows that the txansfer constant of 
caii>on tetrachloride in vinyl acetate polymerization is 0.83. 

5 Con^panUive Example 2 



Polymerication of vinyl acetate asing tert'hutyl meraptan. 

Stock sohitions (I), of 2;i'-azobis(isolmtyromtrile) (143 xng) in freshly 
distilled Vinyl Acetate (SO niL), and (U), coniprising tert-butyl mercaptan (20.4 
nqg) in freshly distilled Vinyl Acetate (10 mL) wert prepaxed. Four separate 
10 ampoules were charged widi various amounts of stock solutions (I) and (II) to give 
the indicated concentrations. The ampoules were degassed, sealed and heated at 
for one hour. 

Table 32: Molecular weight and conversion date for poly(vinyl acetate) prepared 
IS in the presence of tert-butyl mercaptan as chain transfer agent: 



Entiy 


RSH(mg) 


[RSH]/[VAe] 


Mn 


Mw/Mn 


% Conv. 


1 (control) 


0 


0 


112300 


1.8 


18.7 


2 


2.04 


0.00021 


49680 


2.9 


12J 


3 


4.08 


0.00042 


29950 


4.3 


12.1 


4 


8.16 


0.00084 


15000 


7.5 


11.9 



Analysis of the data via a Mayo plot shows that the transfer constant of 
tert-butyl mercaptan m VAc polymerization is 5.97. 
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WHAT IS CLAIMED IS: 

1 . A process for producing a polymer, said process comprising 

polymerizing a monomer mix into said polymer in the presence of a source of free 

radicals and a chain transfer agent having a transfer constant in the range of from 

5 OA to 5000, said chain transfw agent having the following formula: 




wherein when D is Dl of the following formula: 




thenpisintherangeoffroml to200,Ei5Z' and said transfer agent is of the 
10 followmg formula: 




wherein when D is D2 of the following formula: 

— s-Lr 
Jp 

then pis in the range of from 1 to 200. Bis El or E2 and said transfer agent is of 
IS the following formula: 




P. 



i^ernn when D is D3 of the following formula: 
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then p' is in the range of from 2 to 200, E is Z, El or E2 and said transfer agent is 
of the following formula: 

S-lf 



/X=:C- 

:C 



P' ,or 



wherein when D is D4 of the following f onnula: 
5 —S—R 

then E is E3 or E4 and said transfer agent is of the following formula: 

3=/-" 
E 

where in all of the above: 

R is a p-valent moiety derived from a inoiety selected from fte group 

10 consisting of substituted or unsubstituted alkane, substituted or unsubstituted 
alkene, substituted or unsubstituted arene» unsaturated or aromatic caibocyclic 
ring, unsaturated or saturated heterocyclic ring, an organometallic species, and a 
polymer diain, R» being a fr:ee radical leaving group resulting from R tiiat initiates 
free radical polymerization; 

IS R* and R* are monovalent moieties independently selected from the 

group consisting of a substituted or unsubstituted alkyl, substituted or 
unsubstituted alkenyl, substituted or unsubstituted aryl, unsaturated or aromatic 
caibocyclic ring, unsaturated or saturated heterocyclic ring, substituted or 
unsubstituted alkylthio, substituted or unsubstituted alkoxy» substituted or 

20 unsubstituted dialkylamino, an organometallic species, and a polymer chain, R*» 
being a fi:ee radical leaving group resulting from R* tiiat initiates free radical 
polymerization; 

X is selected from the group consisting of a substituted or 
unsubstituted mediine, nitrogen, and a conjugating group; 

25 Z' is selected ft^m the group consisting of El, E2, halogen, substituted 

or unsubstituted alkyl, substituted or unsubstituted alkenyl, substituted or 
unsubstituted aryl, substituted or unsubstituted heterocyclyl, substituted or 
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• • unsubstituted alkylthio, substituted or unsubstimted alkoxycarbonyl, substituted or 
unsubstituted -COOR", carboxy, substituted or unsubstituted -C0NR"2, cyano, 
-P(=0)(OR")2, -P(=0)R"2; wherein R" is selected from the group consisting of 
substituted or unsubstituted alkyl, substituted or unsubstituted alicenyl, substituted 

5 or unsubstituted aryl, substituted or unsubstituted heterocyclyl, substituted or 
unsubstituted aralkyl, substituted or unsubstituted alkaiyl, and a combination 
tbereof ; 

Z" is a p'-valent moi^ derived from a moiety selected from tiie group 
consisting <rf a substituted or unsubstituted alkane, substituted or unsubstituted 
10 alkene, substituted or unsubstituted arwie, substituted or unsubstituted hetraocycle, 
a pdymM* chain, an organometalHc species, and a combination thereof; 

Z is selected frran the group consisting of a halogen, substituted or 
unsubstituted allqrl, substituted or unsubstituted altenyl, substimted or 
unsubstituted aryl, substituted or unsubstituted heterocyclyl, substituted or 
15 unsubstituted aUgrltiiio, substituted or unsubstituted alkoxycarbonyl, substituted or 
unsubstituted -COOR", carboxy, substitoted or unsubstimted -C0NR"2, cyano, 
-P(«0)(0R")2,-P(=O)R"2; 

El is a substituent functionality derived firom a substituted or 
unsubstituted heterocycle attached via a nitrogen atom or is of the following 
20 formula: 

— 6 

/ 

wherein G and J arc independently selected from the group consisting 
of hydrogen, substituted or unsubstituted alkyl, substituted or unsubstituted 
alkenyU substituted or unsubstituted alkoxy, substituted or unsubstituted acyl. 

25 substituted or unsubstituted aroyl, substituted or unsubstituted aiyl, substituted or 
unsubstituted heteroaryl, substituted or unsubstituted alkenyl, substituted or 
unsubstituted alkylsulfonyl, substituted or unsubstituted alkylsulfmyl, substituted 
or unsubstituted allq^lphosphonyl. substituted or unsubstituted arylsulfonyl, 
substituted or unsubstituted aiylsulfinyl, substituted or unsubstituted 

30 aiylphosphonyl; 

E2 is of the following fonnula: 
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wherein G* is selected from the group consisting of substituted or 
unsubstituted alkyl, substituted or unsubstituted alkenyl, substituted or 
UDSubstitttted aryl; 
S - E3 is of the following formula • * 



Q" 



wherein p"* is between 2 and 200, G** is Z** and T is mdependently 
selected from the group consisting of hydrogen, substituted or unsubstituted allqrl, 
substituted or unsubstituted alkenyl, substituted or unsubstituted alkoxy, 

10 substituted or unsubstituted acyl, substituted or unsubstituted aroyl, substituted or 
unsubstituted aryl, substituted or unsubstituted heteroaryl, substituted or 
unsubstituted alkenyl, substituted or unsubstituted alkylsulf onyl, substituted or 
unsubstituted aUgrlsulfinyl, substituted or unsubstituted allgrlphosphonyl, 
substituted or unsubstituted arylsulfonyl, substituted or unsubstituted aiylsulfinyl, 

15 substituted or unsubstituted arylphosphonyl or is joined to G* ' so as to form a 5-8 
membered ring; and 

E4 is of the following f omnila 



-G" 

wherein p"' is between 2 and 200 and G"' is Z" 
20 .2. The process of claim 1 wherein when p'" = 1 and D = Dl tiien E- 

C-X=C-Z* of said chain transfer agent forms a cyclic structure. 

3. Tlie process of claim 2 wherein said chain transfer agent is of the 
following formula* 
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4. The process of claim 1 wherein said functionality derived from said 
substituted or unsubstituted heterocycle is selected from the group consisting of 
pyrrole, imidazole, lactam, cyclic imide, indole, carbazole, benzimidazole, 

5 benzotriazole, and isatin. 

5. Tb^ process of claim 1 wherein said chain transfer agent comprises 
Dl having the followmg formula: 



SCHy 



SCHy 




when El is of the foUowing fontnula: 



10 




S CH2' 



6. The process of chum 1 wherein said chain transfer agent coniprises 
D2 having die following formula: 

El is of tiw fbUowing fbnnala: 



IS 
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or E2 is of be following f omiula 




F F or 

/>-0 



7. The process of claim Iwhernn said chain ttansfBT agent conqn^ 
Dl having Hat following formula: 

CN 



— s- 



or 



CN 



— S- 



10 \i4ien El is of the foUowmg formula: 



o- 



8. The process of claim 1 v^erdn said chain transfer agratcoinprises 
D2 having the following formula: 



OO2C2H5 



■C — 



CH3 



15 



CH3 



or 
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CN 



— S — C — CH3 



CH3 



or 



5 



when E2 is of the following formula: 

— O— C2H5 

9. The process of claim 1 wherein said monomer mix comprises at 
least one vinyl monomer having the following formula: 



M 

where L is selected from the groiip consistmg of hydrogen, halogen, 
10 and substituted or unsubstituted C1-C4 alkyl, said alkyl substituents being 



CH2=i 




independently selected from the group consisting of hydroxy, alkoxy , OR", CO2H, 
O2CR", CO2R" and a combination hereof, 

where M is selected from the group consisting of hydrogen, R", CO2H, 
CO2R". COR^ CN, CONH2, CONHR^ C0NR"2. 02CR", OR", and halogen. 



comprises mdeic anhydride, N-alkylmaieimide, N-aiyhnaleimide, dialkyl 
fumarate, cyclopolymerizable monomer, a ring opening monomer, a 
maciomonomer or a combination thereof. 

1 1. The process of claim 1 wherein said monomer mix comprises 
20 maleic anhydride, N-alkylmaleimide, N-arylmaleimide, dialkyl fumarate, a 

cyclopolymerizable monontier, a ring-opening monomer or a combination thereof. 

12. The process of claim 1 wherein said substituents are independently 
selected from the group that consists of all^l, aryl, epoxy, hydroxy, alkoxy, 0x0, 
acyl, acyloxy, caiboxy, carboxylate, sulfonic acid!, sulfonate, alkoxy- or aiyloxy- 

25 caibonyl, isocyanato, cyano, silyl, halo, dialkylamino, and amido. 

13. The process of claim 1 wherdn said process is carried out in a 
polymerization medium containing said chain transfer agent, said monomer mbc 
and said source of free radicals. 



15 



10. The process of claim 9 wherein said monomer nux further 
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14. The process of claim 13 wherein said free radicals from said 
source of free radicals are introduced to said polymerization medium after the 
addition of said chain transfer agent and said monomer mix to said medium. 

15. The process of claim I wherein said source of free radicals is 
5 selected from the group consisting of a thermal initiatQr, redox initiator, photo 

initiation systrai, and a combination thereof. 

16. The process of claim 15 wherein said thermal initiator is selected 
from tiie group consisting of 2,2 -azobisOsobutyronitrile). 2,2 -azobis(2-cyano-2- 
butane), dimetbyl 2,2 -azobisdunetfaylisobutyrate, 4,4'-azobis(4-cyanopentanoic 

10 acid), 1,1 -azobisCcyclohexanecaibonitiile), 2-(t-butyIazo)-2-cyanopropane, 2,2 - 
a2obisI2-metiiyl-N-(l,l)-bis(hydoxymetiiyl)-2-hydroxyethyI] propionamide, 2,2 - 
azobis[2-methyl-N-hydroxyethyl)l-propionamide, 2^'-a2obis(NJ^- 
dimiethyleneisobutyramidine) dihydrochloride, 2,2'-azobis(2-amidinopropane) 
dihydrochloride, 2^ -azobis(NJsr-dimethyleneisobutyranune), 2,2'-azobis(2- 

15 metiiyl-N-[l ,l-bis(hydroxymethyl)-2-hydroxyethyl] propionamide). 2,2'-azobis(2- 
methyl-N-[l,l-bis(hydroxymethyl) ethyl] propionamide), 2,2'-azobis[2-methyl-N- 
(2-hydroxyethyI) propionamide], 2,2 -azobis(isobutyramide) dihydrate, 2,2- 
a20bis(2A4-tiimethylpentane), 2,2 -azobis(2-methylpropane), t-butyl 
peroxyacc^ate, t-butyl peroxybenzoate, t-buQrl peroxyoctoate, t-butyl 

20 peroxyneodecanoate, t-butylperoxy isobutyrate, t-amyl peroxypivalate, t-butyl 
pero3Q^ivalate, di-isopropyl peroxydicarbonate, dicycloheTQ^l peroxydicaibonate, 
dicumyl peroxide, dibenzoyl peroxide, dilauroyl peroxide, potassium 
peroxydisulfate, ammonium peroxydisulfate, (fi-t-butyl byponitrite, dicumyl 
hyponitrite and a combination thereof. 

25 17. The process of claim 1 wherein said process is carried out at a 

polymerization temperature in flie range of from — 20 **C to 200 ^'C. 

1 8. The process of claim 1 wherein said polymer has a polydispersity 
in the range of from LOS to 1.5. 

19. The process of claim 1 wherein said polymer is a dispersed 
30 polymer or a solution polymer. 

20. A polymer made in accordance with the process of claim 1. 

21. A coating con^osition comprising a polymer made in accordance 
with the process of claim 1. 
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22. The process of claim 1 wherein said polymer is of the following 

formula: 



-A 

P 

where n is a positive integer in the range of firom 1 to 100,000 and wherein A is of 
5 die following foimuia: 




wbenDisDl andEisZ'; 
A is of the following formula: 

I 

c =s 

/ 

* when D is D2 and E is El; or 

A is of the following formula: 

\ 
c =s 

10 ' ^ whenDisD2andEisE2;and 

and Q** is a repeat unit derived fiom a monomer selected from the group 
consisting of maleic anhydride, N-alkylmaleimide, N-arylmaleimide, dialkyl 
ftunarate, cyclopolymerizable monomer* a ring opening monomer, a 
macromonomer, a vinyl monomer of the following formula: 

CH2=q(^ 

15 M, 
and a combination thereof; 

wherein L is selected from the group consisting of hydrogen, halogen, 
and substituted orunsubstituted C1-C4 alkyl, said alkyl substituents being 
independently selected from &e group consisting of hydroxy, alkoxy, OR", CO2H, 
20 020^**, CO2R" ^ combination tb«:eof, and 
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wherein M is selected from the group consisting of hydrogen, R", 
CO2H, CO2R". COR". CN, CONH2, CONHR", C0NR"2. 02CR". OR", and 
halogen. 

23. The process of claim 1 wherein said polymer is a mixture of 
5 isomers of the following formula: 



■ 1— X . 



P' 



where n is a positive integer in the range of from 1 to 100,000, D is D3, E is Z; 
and Q" is a repeat unit derived from a monomer selected from the group 
consisting of maleic anhydride, N-aDqrlmaleimide, N-arylmaleimide, diaJkyl 
10 ftunarate, cyclDpoIjrmerizable monomer, a ring opening monomer, a 
macromonomer, a vinyl monomer of die following formula: 



CH2 



L 



and a combination thereof 



IS wherein L is selected from the group consisting of hydrogra, halogen* 

and substituted or unsubstituted C1-C4 aUgrl, said aOcyl substituents bemg 
mdependently selected from the group consisting of hydroxy, alkoxy, OR", CO2H, 
02CR", CO2R'* and a combination thereof, and 

wherein M is selected from ttie group consisting of hydrogen, R**, 

20 CX)2H. CO2R", COR". CN, OONH2. CONHR", CONR"2, 02CR". OR", and 
halogra. 

24. The process of claim 1 wherein said polymer is of the following 

formula: 



S 



Jp" 
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where n is a positive integer in the range of from 1 to 100,000. D is D4, E is E3; 
and Q** is a repeat unit derived ftom a monomer selected from the group 
consisting of maleic anhydride, N-alkyhnaleimide, N-aryhnaleimide, dialkyl 
fumarate, cyclopolymmzable monomer, a ring opening monomer, a 
5 . macron3onon:ier, a vinyl monomer of the following formula: 



and a combination thereof, 

« 

wherein L is selected from the group consisting of hydrogen, halogen, 
10 and substituted or imsubstituted C1-C4 alkyl, said alkyl substituents being 

indepradratly selected from ihe group consisting of hydroxy, alkoxy, OR", CO2H, 
O2CR", CO2R" and a combination thereof; and 



CO2H, CO2R". COR", CN, CONH2. CONHR", C0NR"2. 0201", OR", and 
IS halogen. 

25. The process of claim 1 wherein said polymer is of the following 

fonnula: 



where n is a positive integer in the range of from 1 to 100,000, D is D4, E is E4; 
20 and Q" is a repeat unit derived from a monomer selected from the group 

consisting of maleic anhydride, N-alkylraaleimide, N-aryhnaleimide, dialkyl 
frunarate, cyclopolymerizable monomer, a ring opening monomer, a 
macromonomer, a vinyl monomer of the following formula: 




wherein M is selected from tfie group consisting of hydrogen, R", 




P' 



Mt 




L 



25 and a combinatioii thereof; 
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wherein L is selected from the group consisting of hydrogen, halogen, 

and substituted or unsubstituted C1-C4 alkyl, said alkyl substituents being 

independently selected from the group consisting of hydroxy, alkoxy, OR", CO2H, 

O2CR", CO2R" and a combination theteof; and 
5 wherein M is selected from the group consi^ng of hydrogen, R", 

CO2H. CO2R", COR". CN. CONH2, CONHR", C0NR"2, 02CR". OR", and 

hsilogen. 

26. The process of claim 1 wherein said monomer mix conq)ri5es 
vinyl acetate, vinyl butyrate, vinyl benzoate, vinyl chloride, vinyl bromide, vinyl 

10 fluoride, N-vinylpyrolidone, N-vmylcarbazole or a combination thereof. 

27. The process of clauns 1 and 26 wherein D=D2, E=E1 or E2 in said 
CTA and whraiem G. J, and G* are mdependently selected from the group 
consistmg of substituted or unsubstituted alkyl, substituted or unsubstituted 
alkene, substituted or unsubstituted aryl. substituted or unsubstituted heterocyclyl. 

15 28. The process of claim 27 wherein when E=E1, G-N=J form part of 

a non-aromatic cyclic group. 

29. The process of Claim 1 wherein said monomer mix comprises a 
methacrylatet acrylate and styrenic monomers and whmin D=D2, E=E1 and G-N- 
J forms part of aromatic cyclic group or a non-aromatic cyclic group with 

20 substituent conjugated to N. 

30. The process of claun 29 where said substituent El is substituted or 
unsubstituted pyrrole, substituted or unsubstituted imidazole, substituted or 
unsubstituted 2-lactam, substituted or unsubstituted imide. 

31. The process of claim 1 and 25 wherein said monomer nux 

25 comprises a methaciylate, aciylate, styrenic monomers and a combination thereof, 
wherein D=D2, E:=E2 in smd CTA and wherein G* is aryl. 

32. The process of claim 3 1 wherein said aryl is OC^s or CeFs. 

33. The process for producing a polymer, said process comprising: 
charging a polymerization medium in a reactor with a chain transfer 

30 agent; introducing a source of free radicals and a monomer mix into said medium 
to polymerize said monomer mix into said polymer, said chain transfer agent 
having a transfer constant m the range of from 0. 1 to 5000 and having the 
followmg forrnula: 
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S=C^ 

wherein when D is Dl of the following fonnula: 



— x=c 



then p is in the range of from 1 to 200, E is Z* and said transfer agent is of the 
S following fwmula: 



S — R 



wherein when D is D2 of the following fonnula: 



P . 



dien p is m die ran^ of from 1 to 200, E is El or E2 and said transfer agent is of 
10 tfaefoUowingfonnnla: 



S=C' 



— R 



P. 



wherein when D is D3 of the following formula: 

S-lf 



— ^X=C- 



tiienp' is in the range of from 2 to 200, E is Z, El or E2 and said transfer agem is 
15 of the following formula: 

S-Ff 



S = C 



P' ,or 
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S — R 



then E is E3 or E4 and said transfer agent is of the following formula: 



5 




\>j derived from a moiety selected from the group 



consisting of substituted or unsubstitated alkane, substituted or unsubstituted 
alkene, substituted or unsubstituted arene, unsaturated or aromatic caxbocyclic 



ring, unsaturated or saturated heterocyclic ring, an organometallic species, and a 
10 polymer«hain» R« bemg a free radical leaving group resulting from R that initiates 
free radical polymerization; 

R* and R' are monovalent moieties independently selected from the 
group consisting of a substituted or unsubstituted alkyl, substituted or 
unsubstituted alkenyl, substituted or unsubstituted aryl» unsaturated or aromatic 
IS caxbocyclic ring, unsaturated or saturated bet^ocyclic ring, substituted kx 
unsubstituted aUgrltfiio, substituted or unsubstituted alkoxy, substituted or 
unsubstituted dialkylamino, an organometallic species, and a polymer chain, R"^* 
being a free radical leaving groiq) resulting from R* that initiates free radical 
polymerizadon; 

20 X is selected friom the group consisting of a substituted or 

unsubstituted metfaine, nitrogen, and a conjugating group; 

T is selected from the group consisting of El, E2, halogen, substituted 

or unsubstituted alkyl, substituted or unsubstituted alkenyl, substimted or 

unsubstituted aiyl, substituted or unsubstituted heterocyclyl, substituted or 
25 unsubstituted alkylthio, substituted or unsubstituted alkoxycaibonyl, substituted or 

unsubstituted -COOR", caxboxy, substituted or unsubstituted -C0NR"2, cyano, 

-P(=0)(0R")2.-P(=O)RV. 

R" is selected from the group consisting of substituted or unsubstituted 

alkyl, substituted or unsubstituted alkenyl, substituted or unsubsdtuted aryl. 
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substituted or unsubstituted heterocyclyl, substituted or unsubstituted aralkyl, 
substituted or unsubstituted alkaryl, and a combination thereof; 

27* is a p'-valent moiety derived from a moiety selected fix>m the group 
consisting of a substituted or unsubstituted alkane, substituted or unsubstituted 
5 alkene, substituted or unsubstituted aiene, substimted or unsubstituted heterocycle, 
a polymer chain, an organometallic species, and a combination thereof; 

Z is selected from the group consisting of a halogen, substituted or 
unsubstituted alkyl, substituted or unsubstituted alkenyl, substituted or 
unsubstituted aryl, substituted or unsubstituted heterocyclyl, substituted or 
10 unsubstituted alkylthio, substituted or unsubstituted alkoxycaibonyl, substituted or 
unsubstituted -COOR". carboxy. substituted or unsubstituted -CONR"2, cyano, 
-P(=0)(6R'')2, -P(=0)R"2; 

El is a substituent functionality derived from a substituted or 
unsubstituted hetetoc^cle attached via a nitiogm atom, or is of the following 
15 foimula: 

/ 

wherein G and J are independently selected from die gzoiq) consisting 
of hydrogen, substituted or unsubstituted alkyl, substituted or unsubstituted 
alkenyU substituted or imsubstituted alkoxy, substituted or unsubstituted acyl, 

20 substituted or unsubstituted aroyl, substituted or unsubstituted axyl, substituted or 
unsubstituted heteroaryl, substituted or unsubstituted alkenyl, substituted or 
unsubstituted alkylsulfonyl, substituted or unsubstituted alkylsuliinyl, substituted 
or unsubstituted allgrlphosphonyl, substituted or unsubstituted aiylsulfonyl, 
substituted or unsubstituted aiylsulfinyl, substituted or unsubstituted 

25 arylphosphonyl; 

E2 is of the following formula: 

wherein G* is selected from the group consisting of substituted or 
unsubstituted alkyl, substituted or unsubstituted alkenyl, substituted or 
30 unsubstituted aryl; 

E3 is of tiie following formula 
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JP"' 



wherein p*" is between 2 and 200, G" is T\ and J' is independently 
selected fix>m the group consisting of hydrogen, substituted or unsubstituted alkyl, 
substituted or unsubstituted alkenyl, substituted or unsubstituted alkoxy, 
5 substituted or unsubstituted acyl, substituted or unsubstituted aroyl, substituted or 
unsubstituted aiyU substituted or unsubstitutsed beteroaiyl, substituted or 
unsubstituted alkenyl. substituted or unsubstituted alkylsulfonyl, substituted or 
unsubstituted aU^lsulfinyl, substituted or unsubstituted alkylphospbonyl. 
substituted or unsubstituted aiylsulfbnyl, substituted or unsubstituted aiylsulfinyl, 
1 0 substituted or unsubstituted aiylphosphmiyl or is joined to G* * so as to form a 5-8 
membered ring; and 

E4 is of the following formula 



wherein p"' is between 2 and 200 and G'*' is 27'. 
15 said monomer mix comprismg one or more monomers selected from 

tiie group consisting of maleic anhydride, N-alkyhnaleimide. N-aiylmaleimide, 
dialkyl fumarate, cydopolymerizable monomer, and vinyl monomer having the 
formula: 

CH2=C(^ 
M 

20 where L is selected from Ae group consisting of bydrogea, halogm, 

and substituted or unsubstituted C1-C4 all^l, said alkyl substituents being 
independendy sdected from die group consisting of hydroxy, alkoxy. OR", CC^H, 
O2CR". CO2R" and a combination tiiaeof, 

where M is sdected from the group consisting of hydrogen. R", CO2H, 

25 C02R", COR". CN. CONH2. CO>JHR", C0NR"2. 02CR". OR", and halogen. 
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34. A chain transfer agent having a transfer constant in the nange of 
from 0.1 to 5000, said chain transfer agent having the following fonnula: 

wherein when D is Dl of tfie following fonnula: 

then p is in Ae range of from 1 to 200. E is Z' and said transfer agent is of the 
following fmmila: . . 



S — R 



5=0-^ \. 



wherein when D is D2 of die following fonnula: 

-R 



P . 



10 •'p 

then p is in die range of from 1 to 200. E is El or E2 and said transfer agent is of 
the following fonnula: 



S=c' 



P. 



wherein \i^ien D is D3 of the following formula: 

S-lf 



15 'p- 

dienp' is in the range of from 2 to 200, E is Z, El or E2 and said transfn agent is 
of the following formula: 
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.or 



wherein when D is D4 of the following fonnula: 

— S—R 

them E is E3 or E4 and said transfer agent is of the following fonnula: 



5 




E 



where in aU of the above: 

" R is a p-valent moiety derived from a moiety selected from the group 

consisting of substituted or unsubstituted alkane, substituted or unsubstituted 

alkene^ substituted or unsubstituted arene, unsaturated or aromatic carbocyclic 
10 rixigv unsaturated or saturated heterocyclic ring« an organometallic species, and a 

polymer chain* R« being a free radical leaving group resulting from R that initiates 

free radical polymerization; 

R* and R* are monovalent moieties independently selected fiom the 

group consisting of a substituted or unsubstituted all^l, substituted or 
IS unsubstimted alkenyl, substituted or unsubstituted aryl, unsaturated or aromatic 

carbocyclic ring, nnsaturatfd or saturated heterocyclic ring* substituted or 

unsubstituted alkylthio, substituted or unsubstituted alkoxy, substituted or 

unsubstituted dialkylamino, an organometallic species, and a polymer chain, R"*"* 

being a free radical leaving group resulting from R* tiiat initiates free radical 
20 polymerization; 

X is selected from the group consisting of a substituted or 

unsubstituted methine, nitrogen, and a conjugating group; 

T is selected from the group consisting of El, E2, halogen, substituted 

or unsubstituted alkyl, substituted or unsubstituted alkenyl, substituted or 
25 unsubstituted aryl, substituted or unsubstituted heterocyclyl, substituted or 

unsubstituted alkylthio, substituted or unsubstituted alkoxycarbonyl, substituted or 
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• • unsubstituted -COOR", carboxy, substituted or unsubstituted "C0NR"2, cyano, 
.P(=0)(OR")2,-P(=0)R"2; 

R" is selected from tbe group consisting of substituted or unsubstituted 
alkyU substituted or unsubstituted alkenyl, substituted or unsubstituted aiyl, 
5 substituted or unsubstituted heterocyclyl, substituted or unsubstituted aralkyl, 
substituted or unsubstituted alkaiyl, and a combination tliereof ; 

27' is a p*-valent moiety derived from a moiety selected from tiie group 
consisting of a substituted or unsubstituted alkane. substituted or unsubstituted 
alkene, substituted or unsubstituted arene, substituted or unsubstituted heterocycle, 
10 a polymer chain, an organometallic species, and a combination tiiereof; 

Z is selected from the group consisting of a halogen, substituted or 
unsubstituted allqrl, substituted or unsubstituted alkenyl, substituted or 
unsubstituted aryl, substituted or unsubstituted heterocyclyl, substituted or 
unsubstituted alkylthio, substituted or unsubstitated aUcoxycarbonyl, substituted or 
15 unsubstituted -COOR", caiboxy, substituted or unsubstituted -CONR-2, qrano, 
-P(=0)(OR*)2i-P(=0)R"2; 

EI is a substituent functionality derived from a substituted or 
unsubstituted heterocycle attached via a nitrogen atom, or is of the following 
formula: 

— G 

20 

wheiein G and J are indepwidenfly selected from the group consistuig 
of hydrogen, substituted or unsubstituted alkyl, substituted or unsubstituted 
alkenyl, substituted or unsubstituted alkoxy, substituted or unsubstituted acyl, 
substituted or unsubstituted aroyl, substituted or unsubstituted aryl, substituted or 

25 unsubstituted hetonoaryl, substituted or unsubstituted alkenyl, substituted or 

unsubstituted alkylsulfonyl, substituted or unsubstituted alkylsulfinyl, substituted 
or unsubstitoted alkylphosphonyl, substituted or unsubstituted arylsulfonyl, 
substimted or unsubstituted arylsulfinyl, substituted or unsubstituted 
aiylpho^honyl; 

30 E2 is of the following formula: 
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wherein G' is selected from the group consisting of substituted or 

unsubstituted alkyl, substituted or unsubstituted alkenyl, substituted or 

unsubstituted aryl; 

E3 is of the following fonnula 



10 



15 



" __ til 



wherein p^'* is between 2 and 200. is and J' is mdependently 
selected from the group consisting of hydrogen, substituted or unsubstituted all^l, 
substituted or unsubstituted alkenyl. substituted or unsubstituted alkoxy, 
substituted or unsubstituted acyl. substituted or unsubstituted aroyl, substituted or 
unsubstituted aiyl, substituted or unsubstituted heteroaryl, substituted or 
unsubstituted alkenyl, substituted or unsubstituted alkylsulfonyl, substituted or 
unsubstituted alkylsulfinyl, substituted or unsubstituted alkylphosphonyl, 
substituted or unsubstituted aiylsulfonyl, substituted or unsubstituted arylsulfinyl, 
substituted or unsubstituted aiylphosphonyl or is joined to G" so as to form a 5-8 
membered ring; and 

E4 is of the following formula 



wherem p*** is between 2 and 200 and G"* is 7*. 

35. The chain transfer agent of claim 34 where D2 is of the following 

20 fonnula: 

when E is El or E2, wherein El is of the following fonnula: 
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•or 



and E2 is of the following f wmula: 



F F _ 

36. The diain transfer agent of claim 34 where D2 is of the following 



fommla: 



CN 



— S- 



or 



CN 



10 when El is of the following fiammla: 



formula: 



37. The chain transfer agent of claim 34 whne D2 is of the following 



CO2C2H5 



•C — 



CH3 



CH3 
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CN 



— S— -C— 

CH3 or 

when E2 is of tfie following formula: 

, — 0-.C2H5 

5 38. The process of claim 1 >x^etein said polymer a block or 

gradient copolymer produced by sequentially adding monomers. 
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